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INTRODUCTION 
Ruminants, through the ages, have adapted themselves to 
the utilization of roughages and obtaining most of their nutri­
ent needs from different kinds of roughages. Plant tocopherols 
usually supply the vitamin E need of the animal. The vitamin A 
need of the ruminant, on the other hand, has generally been pro­
vided by carotenes found in plants. With the advent of high-
concentrate no-hay feeding of feedlot cattle in the United 
States, new problems relating vitamin E to vitamin A appear to 
have been brought into existence. Of particular interest is the 
possible need for additional vitamin A supplementation with the 
shift from a moderate amount of roughage in the finishing ration 
to a high-concentrate no-hay ration. From 1958 to 1963 a three­
fold increase in vitamin A requirement was recommended for beef 
cattle by the National Research Council. Some of the factors 
responsible for this change in vitamin A utilization need to be 
studied at this time. Vitamin E, in all animal species, is be­
lieved to be involved in the utilization of vitamin A through 
the antioxidant effect of the former. Both vitamin E and vitamin 
A are believed to be interrelated somewhat further in the nutri­
tion of the ruminant animal. For example, the adequacy of vita­
min A in beef cattle finishing rations is believed by some to 
alleviate a part of the total need for vitamin E. Nevertheless, 
the need for vitamin E supplementation in the adult ruminant 
ration is still a debatable matter. 
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Vitamin B has also been closely associated with selenium 
in livestock production. The mode of action of selenium in 
producing growth responses and preventing white muscle disease 
in ruminants suggest that selenium and vitamin £ are inter­
related in their metabolic functions. Review of the literature 
indicated that responses from selenium supplementation in rumi­
nant nutrition are more feasible than similar responses from 
vitamin B supplementation. With this idea in mind, a series of 
trials were performed with beef cattle. Selenium was supple­
mented in certain rations in all of the trials. Pertinent 
criterial measurements were conducted together with blood and 
liver analysis for both vitamin A and vitamin E. In so doing, 
some light was thrown on the interrelationships between vitamin 
E and vitamin A in the nutrition of ruminants. 
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REVIEW OF LITERATURE 
Interrelationships of Vitamin E and Vitamin A 
Cattle 
One of the most classical experiments that directly re­
lates different dietary levels of vitamin E and vitamin A in 
cattle nutrition to the plasma and liver content of both vita­
mins was conducted by Dicks et al. (1959), Thirty-six male 
Holstein calves were partially depleted of their tocopherol 
and vitamin A reserves. They were then fed ad libitum a basal 
diet low in vitamins E and A plus one of three levels of alpha 
tocopheryl acetate equivalent to one, five or twenty-five milli­
grams of free tocopherol per pound liveweight per day. One of 
three levels of vitamin A palmitate equivalent to ten, a hundred 
and a thousand micrograms of vitamin A alcohol was also fed. 
After four weeks, half of the calves were slaughtered and the 
remainder were left on the basal ration until plasma vitamin A 
decreased to 4.0 micrograms/lOO ml. 
Based on the plasma and liver vitamin A concentrations at 
the end of the supplementation period and on vitamin A depletion 
time, tocopherol increased utilization of vitamin A at the 
highest level, decreased utilization at the lowest level, and 
had no effect at the intermediate level. At all levels of 
vitamin A intake, concentrations of tocopherol in plasma, liver, 
heart, trapezius muscle and perinephric fat increased with in­
creased tocopherol intake. At all levels of tocopherol intake 
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the tocopherol concentration in tissues decreased as intake of 
vitamin A increased. The decrease was greater between ten and 
a hundred micrograms than between a hundred and a thousand 
micrograms intake of vitamin A. Decline in tissue tocopherol 
levels during the terminal depletion period was influenced by 
previous intake of tocopherol, previous intake of vitamin A 
and by the length of depletion period. 
In a similar study with dairy calves Dicks et (1958) 
concluded that for a given intake of vitamin A there existed a 
level of intake or a range of intake of tocopherol which pro­
vided maximum utilization of vitamin A. 
In earlier work Kachmar e_t (1950) reported that esti­
mation of the total fat-soluble reducing substances calculated 
as alpha tocopherol in blood plasma of dairy cattle could be 
made. These cattle were fed an unsupplemented ration for 27 
months until the amount of vitamin fi was below that measurable 
by rat bio-assay. Two animals, one which died two days after 
calving and one with definite cardiac abnormalities, had calcu­
lated tocopherol levels of less than a hundred microgram per 
cent. Similar measurement of another group of three supple­
mented animals over a fourteen-month period gave an average 
value of 249 micrograms per cent. This was considerably lower 
than the values of 685 micrograms per cent found for a group 
of animals supplemented with 5 milligrams of mixed tocopherols 
per kilogram body weight. Daily supplements of two grams of 
mixed tocopherols given to the cow with cardiac abnormalities 
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increased the plasma level to 360 micrograms per cent in two 
weeks_and 770 micrograms per cent over a period of nine months. 
In the same experiment, measurements of the blood plasma caro­
tene and vitamin A levels of three supplemented and three un-
supplemented animals on controlled carotene and vitamin A in­
takes showed that the feeding of low vitamin E ration did not 
impair the utilization of carotene and vitamin A. 
Parrish £t a^. (1948) observed no increase in vitamin A 
or carotene of colostrum or early milk from cows that received 
prepartal supplement of tocopherols (0,5 to 1.0 grams) except 
that at high levels of supplementation with tocopherols (10 
grams) there was a slight increase of vitamin A in colostrum. 
The increase in vitamin A utilization resulting from a high 
dietary vitamin E level was not a persistant observation. 
Parrish et al_. (1949) supplemented various amounts of toco­
pherol up to 10 grams daily in the rations of dairy cows and 
heifers. No substantial increase in vitamin A content of colos­
trum and early milk was observed. Similarly the carotenoid 
levels of early mammary secretion were not affected. 
Rousseau et al. (1956) measured the plasma and liver toco­
pherol levels in Holstein calves. The experiment included a 
vitamin A depletion period followed by a twelve-week period of 
carotene supplementation at 60 or 540 microgram per day per 
pound body weight. The supplementation was performed with and 
without the following antioxidants: at 0.01% DPPD (N,N-di-
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phenylene-diamine) ethoxyquin and 2,5 Ditertiary-butyl-
hydroquinone. There was a final vitamin A depletion period witi 
and without the antioxidants. No appreciable differences were 
observed among serum tocopherol levels which ranged from 0.129 
to 0,234 milligram per cent. Liver tocopherol levels ranged 
from 0.18 to 0.40 milligram per hundred gram of liver. They 
may have been increased slightly by the inclusion of antioxidant 
in the diet containing the higher levels of carotene except 
for the calves fed DPPD during the final depletion period. 
Bsh (1949 doctoral dissertation) concluded that the feed­
ing of lecithin containing tocopherol activity, to dairy cows 
for one month before and seven days after parturition increased 
the efficiency of utilization of vitamin A and carotene. The 
blood vitamin A at parturition was increased and blood carotene 
decreased by lecithin feeding and vitamin A in the colostrum was 
about doubled. The total liver storage of vitamin A was doubled 
to twelve milligrams per gram of liver by the addition of leci­
thin to the vitamin A supplements. 
Hamed and Decker (1959) showed that the vitamin A content 
of milk from two cows was not significantly increased by six 
intravenous injections of 300 milligrams alpha tocopherol acetate 
given every other day or six intramuscular injections of 500 
milligrams alpha tocopherol acetate given every other day. 
When 6.25 grams of alpha tocopherol acetate were mixed daily in 
the ration for 59 days, the vitamin A content of the milk rose 
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from 59 to 120 and from 63 to 88 I.U./lOO ml. The utilization 
of carotene consumed rose from 2.8 percent to 4.2 percent. 
The feeding of large amounts of tocopheryl acetate temporarily 
increased the serum vitamin Â content. Liver reserves of 
vitamin A at the end of the experiment were low, 1950 and 3120 
I.U./lOO grams in the two cows. 
From the literature so far reviewed on this thesis, it 
could be generally concluded that vitamin B supplementation im­
proved the utilization of vitamin A at the high levels of the 
former. This vitamin E and vitamin A relationship in cattle 
seems to be affected by dietary carotene. Tocopherols in feeds 
and animal tissues are believed to be more closely associated 
with carotene levels than with vitamin A. 
McGillivray (1956) observed that the correlation of carotene 
with tocopherols was plus 0.900 and that of vitamin A with 
tocopherols was plus 0.570, in butter samples taken at weekly 
intervals from October 1952 to April 1953. This same research 
worker, McGillivray (1952), reported that dairy cows under av­
erage practices and having good grazing may at times require 
supplementary tocopherol. The author mentioned that the carotene 
in New Zealand summer pasture should be sufficient for the pro­
duction of a high vitamin A milk fat. However, neither this 
carotene nor a supplement of carotene in oil could be satisfac­
torily utilized unless the animal also received an additional 
supplement of tocopherol. Cows which received an additional 
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supplement of tocopherol daily (1 gram daily) while maintained 
on rye grass-clover pasture produced milk of maximum vitamin A 
potency of 2,000 I.U. per pound, compared to a presupplementation 
level of 1,200 I.U. per pound. It was also observed that both 
carotene and total vitamin A potency of milk were directly cor­
related with tocopherol content of milk. 
Linkous ejt aJL. (1954) analyzed blood plasma of dairy cattle 
for carotene and tocopherols at three-month intervals. In forty-
five Guernsey cows and seventy Holstein cows a significant posi­
tive correlation between blood circulating carotene and toco­
pherol was found at the three seasons of the year. These cor­
relations reflected the nutrient intake levels. The level of 
feed tocopherol declined, as carotene did, with decline in quali­
ty of roughage. 
Krukovsky et al. (1950) determined tocopherol, carotenoid, 
and vitamin A content of milk from Holsteins, Guernsey, Brown 
Swiss, and Jersey cows during both pasture and barn feeding. 
Large variations were found in the tocopherol, carotenoid, and 
vitamin A content of milk fat between individual cows of the 
same breed, between different breeds, and between seasons. The 
fat obtained from the milk of 28 Guernseys was highest in toco­
pherol content with 3033 micrograms/lOO grams. It was lowest 
from 51 Holsteins with 2220 micrograms/lOO grams. Pasture milk 
contained 24% more tocopherols than winter milk. A positive 
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correlation was observed between tocopherol and carotenoid 
content of milk, but there was none found between vitamin A 
and tocopherolo 
No liveweight gain nor feed efficiency has been considered 
this far in this review of the interrelationship between vita­
min B and vitamin A in cattle nutrition. Chapman et (1964) 
conducted a series of experiments to determine the value of 
vitamins A and E when added to dry feed concentrate mixtures 
for steers on pasture. Levels of 25,000 I.U. of vitamin A 
significantly (P<.01) increased rate of gain of steers during 
two winter experiments but not during a summer trial. Vitamin 
E significantly increased gains during one winter trial but not 
the other. Neither vitamin E nor vitamin A had a significant 
effect upon steer performance during a summer feeding trial. 
The response to the vitamins appeared to be related to the 
levels of carotene and potassium nitrate in the forage. Sup­
plemental vitamin A and E increased vitamin A in the liver. 
There was less growth response to vitamin A when it was fed in 
combination with vitamin E. 
Kohlmeier and Burroughs (1962) in a recovery experiment 
observed that vitamin A fed or injected in steers improved 
liveweight gains and feed conversion per unit of gain. How­
ever, the performance of these cattle was inferior to that of 
-similar cattle not depleted in vitamin A and fed during the 
same period. When supplemental vitamin E and K were fed along 
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with supplemental vitamin A, the improved liveweight gains 
and feed conversion were greatly increased. 
_ Zausch and Holzchuh (1959) also observed an increase in 
growth response in calves from the combination of vitamin E 
and A. Three groups of calves were fed twice daily and from 
the third day had concentrates up to 1.5 kilograms daily and 
hay ad libitum. Whole milk was given for twelve weeks and 
skimmed milk to the end of sixteen weeks. The supplementation 
of the groups was as follows: 168 kilograms whole milk with 
2.5% fat and skimmed milk, 606 kilograms with 20 grams Betalac 
containing per gram 625 I.U. of vitamin A, 100 I.U. vitamin D, 
0.6 milligram vitamin E, 2.5 u.g. vitamin 8^2 and 4 milligrams 
tetracyclines. The second group had the same amount of milk 
with 5 grams daily of a preparation supplying 30 milligrams 
of vitamin B and 2000 I.U. of vitamin A per calf. The third 
group had 336 kilograms of whole milk and 438 kilograms skimmed 
milk. The supplements lowered the cost of feed per hundred 
kilogram gain. Average daily weight gains were 719, 652, and 
690 grams for the three groups. 
Beeson e^ al. (1962) reported that one half of twelve lots 
of six steer calves each were fed 0,5 lb. of dehydrated alfalfa 
meal pellets per steer daily in a 2 x 6 factorial feedlot ex­
periment. The basal ration consisted of 69% rolled shelled 
corn, 20% ground corn cobs, 10% soybean meal, 0.7% bone meal, 
and 0.3% salt with cobalt. In the control lots (1 to 6) as 
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well as those which received no dehydrated alfalfa meal, the 
ration was supplemented with 12,500 I.U. vitamin A, 50,000 
I.U. Beta-carotene, 40 I.U. vitamin E, or 40 I.U. vitamin B, 
and 12,500 I.U. vitamin A. The differences in liveweight gains 
between the control lots and those receiving dehydrated alfalfa 
meal were significant at the 1% level in favor of alfalfa meal 
fed cattle. Initial and final blood serum vitamin A values 
were determined. The steers in lot 1 receiving no vitamin A 
and the steers in lot 5 receiving only vitamin E had classical 
symptoms of vitamin A deficiency. The lots that received the 
dehydrated alfalfa pellets had no vitamin A deficiency. 
This positive response in liveweight gains from vitamin 
£ and vitamin A is sometimes not easily detectable. The same 
Purdue workers. Perry e1^ al. (1965) in another experiment, did 
not detect any significant response from vitamin B and A sup­
plementation. A factorial experiment was conducted with twelve 
lots of six steer calves each averaging 218 kilogram to study 
the value of added vitamin E (100 milligrams per day), vitamin 
K (75 milligrams per day), vitamin A (20,000 I.U. per day), 
and 5% dehydrated alfalfa meal pellets. The basal ration con­
tained 66% rolled shelled corn, 20 ground corn cob, 10% soy­
bean meal, 3% molasses, 0.7% steamed bone meal, and 0.3% salt 
with cobalt and zinc. The added dehydrated alfalfa meal re­
placed an equivalent level of ground corn cob. For the control, 
vitamin E, vitamin K or both vitamin E and K lots, daily gains 
of 1.20, 1.20, 12.1, and 1.19 kilograms per day, respectively. 
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were obtained with corresponding feed requirements of 6.6, 
6.7, 6.6, 6.6 kilograms per kilogram of gain. 
Some antioxidants which are structurally different from 
vitamin E are also observed to increase vitamin A utilization 
in cattle. Brwin et (1963) fed dehydrated alfalfa to 
yearling steers prior to the beginning of a regular feeding 
trial. He then fed two levels of protein (11 and 19%), two 
levels of energy (70 and 81 therm./lOO lbs.), and two levels 
of the antioxidant, Bthoxyquin (0 and 0.0125%) in a 2 x 3 
factorial feeding trial. For the first seventy days where no 
diet contained vitamin A or carotene, hepatic vitamin A ex­
penditures were accelerated by increasing the protein and 
energy but significantly reduced by ethoxyquin. Therefore, 
vitamin A was added to all diets for the remainder of the study. 
Increasing the dietary protein reduced growth and increased 
feed per gain. Increasing energy did alter growth but reduced 
daily feed consumption and consequently reduced feed per unit 
of gain. While the dressing percent of all groups was within 
0.2% only half the number of carcasses from steers fed high 
protein-high energy diets graded U.S. Choice when compared to 
other diets. It was speculated that this effect was not due 
to differences in total carcass fat but to the distribution of 
fat in the muscle. The antioxidant had an improvement effect 
on vitamin A utilization. 
The beneficial effect of vitamin B on vitamin A seems to 
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be greatly affected by the presence of polyunsaturated fat in 
the ration. Adams et (1959) fed corn oil filled milk to 
dairy calves. A progressive decline in plasma tocopherol and 
vitamin A values despite a relatively high tocopherol intake 
was observed. Low plasma tocopherol levels were also observed 
in calves fed lard filled milk and a ration containing butter 
oil prepared from oxidized butter. Daily oral 500 milligram 
supplements of either alpha tocopherol or alpha tocopheryl 
acetate were equally effective in maintaining high plasma 
tocopherol levels in gmimals fed corn oil, .708 to .774 
milligram per cent or lard .5841 filled milk diets. The intra­
muscular injection of 1500 milligrams of alpha tocopherol 
acetate every three days raised plasma tocopherol levels to 
only .379 milligrams per cent. During the maximum storage 
period of seven days, corn oil filled milks lost 31 to 41% 
of their total tocopherol content and developed an extremely 
high peroxide content. Corn oil filled milk prepared weekly 
caused growth depression in 4-month old calves as well as in 
younger calves. 
Baton (1958) attempted to relate plasma and liver 
concentrations of vitamin A or of tocopherol in Holstein male 
calves fed fixed intakes of the vitamins. They depleted the 
calves until the plasma contained .012 milligrams of vitamin A 
and 0.100 milligrams of tocopherol per 100 ml. Fixed intakes 
of the vitamins A and B adjusted weekly on the basis of body 
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weight were fed for four to sixteen weeks. Artificially de­
hydrated alfalfa provided vitamin A intakes ranging from 2 to 
1000 micrograms per pound live-weight per day, carotene in­
takes from 12 to 540 micrograms, and tocopherol intakes from 
0.1 to 25 milligrams. At the end of the supplementation peri­
od plasma and liver concentration of vitamins A and B were 
determined. It was observed that the relationship of toco­
pherol concentration in the blood and the log of tocopherol 
concentration of liver were each a linear function of the dose. 
There also seems to be some interrelation between the 
carotenoids in the ration of cattle and blood and hepatic 
vitamin A concentration. The relationship is, however, not 
linear as has been observed with tocopherols. Page e_t al. 
(1958) studied the effect of hepatic vitamin A and carotene 
concentration on the biological value of carotene in bovine. 
Angus steers were individually fed varying amounts of carotene 
according to body weight for 110 days. Liver carotene reten­
tion did not prove to be indicative of carotene intake. While 
7.54 milligram of dietary carotene was necessary to maintain 
initial hepatic vitamin A content, liver vitamin A storage 
was not a linear function of the amount of carotene consumed. 
All animals were then fed similar amounts of carotene based 
on body weight. While vitamin A retention was related to pre­
vious carotene intake as well as the initial liver vitamin A 
content, hepatic carotene retention was related to the initial 
carotene content. 
15 
In a second experiment, the same workers Page et al. (1958) 
treating heifers with varying amounts of preformed vitamin A 
greatly influenced the magnitude of liver vitamin A expendi­
ture. However, all animals lost a similar percentage of their 
initial hepatic vitamin A stores. 
Ralston and Dyer (1959) also studied the relationship of 
liver and plasma carotenoid and vitamin A as affected by loca­
tion. A comparison of carotene and vitamin A content of blood 
and liver biopsy samples taken from cattle at Washington State 
revealed no relationship existed between plasma and liver 
vitamin A. A highly significant relationship between plasma 
carotenoid and both liver carotenoids and plasma vitamin A was 
found. Liver carotenoids were significantly related to plasma 
vitamin A on a yearly basis with a highly significant relation­
ship during times of vitamin A depletion. 
Church al.. (1956) tried to relate plane of nutrition 
to carotene and vitamin A status in pregnant and lactating 
cattle. In two trials, Hereford cows were divided into two 
groups and maintained at low and adequate levels of nutrition 
during the last five to seven months of gestation and the first 
twelve weeks of lactation. During the gestation period both 
groups were fed low carotene rations. At parturition, one-half 
of each group received 27 to 30 milligrams of carotene per 
head per day while the remaining cows received 126 to 150 
milligrams. 
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The low plane of nutrition as compared to the adequate 
level had no apparent effect on vitamin A depletion during 
gestation in the first experiment but did delay depletion 
in the second experiment. During lactation the low plane of 
nutrition resulted in less liver depletion in one of the two 
experiments. Blood levels of carotene and vitamin A in the 
cows and their calves were not significantly affected. The 
low plane of feeding had an adverse effect on the nutrition 
of the calves resulting in less gain in weight and apparent 
malnutrition. 
Carotene supplementation during lactation as practiced 
in these experiments failed to promote vitamin A storage in 
the liver of the cows irrespective of the plane of nutrition. 
The high level of carotene (126 to 150 milligrams per day) 
decreased rate of liver depletion and increased levels of 
carotene and vitamin A in the plasma. Nevertheless, both in 
cows and calves, plasma carotenes always exceeded plasma vita­
min A even when the intake of carotene was five times bigger. 
The authors concluded that once it has been absorbed into the 
tissues of a ruminant, carotene is merely an inert marker of 
the path followed by vitamin A itself. 
The source of carotene is believed to play a part in the 
conversion process to vitamin A. Grifo e;t (1961) depleted 
calves until plasma vitamin A levels dropped to 12 micrograms 
or less per 100 ml. The calves were then fed either 48 or 240 
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micrograms of carotene per pound liveweight per day. The 
source of carotene was either dehydrated alfalfa leaf meal 
or water-dispersible gelatin beadlets* After 12 weeks of 
carotene supplementation, the calves were slaughtered and 
plasma and liver samples were analyzed for carotenoid and 
vitamin A. The finding showed that carotene from beadlets 
was converted into vitamin A 1.42 times as effectively as the 
carotene from alfalfa. 
The conversion of carotenoid from corn silage into vita­
min A seems to vary a great deal. Jordon et. âi» (1963) 
wintered feeder steers on corn silage containing carotenes in 
amounts considerably in excess of supposed needs still developed 
vitamin A deficiency even though supplemented with 7,000 to 
8,000 I.U. per head per day. The authors claim that the in­
jection of tri-iodo-thyronine (20 milligrams per head per 
week) increased blood carotene and liver vitamin A levels under 
the same feeding program. 
On the other hand, Klosterman e;t al. (1964) studied the 
utilization of carotene from corn silage by steers. Fifty-
six Hereford steers, vftiich had been fed a carotene-deficient 
diet for 137 days, were fed corn silage rations for 126 days. 
Blood plasma carotene and vitamin A levels quickly returned 
to normal after the silage ration was fed. Supplemental vita­
min A had no measurable effect. Forty-two other non-depleted 
steers were fed silage rations for 182 days, followed by a 
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full feed of ground ear corn for 56 days. Feeding 20,000 
I.U. of vitamin A per head daily brought about no improvement 
in performance or carcass value. However, plasma vitamin A 
values of non-supplemented steers declined when the ear corn 
which contained suboptimum amounts of carotene was fed. Grow­
ing fattening steers were able to meet their daily vitamin A 
requirement from carotene supplied by corn silage. The corn 
silages were made from corn plant obtained at normally fer­
tilized areas and from areas receiving 200 pounds of nitrogen 
per acre. Silages from both nitrogen treatments were employed 
in this study and no apparent differences in the silages were 
observed. 
Sheep 
One of earliest observations that related vitamin fi and 
vitamin A was reported by Whiting et al. (1949). These workers 
supplemented prepartum rations with 12,000 I.U. of vitamin A 
daily per 100 lbs. liveweight. They observed an increase in 
the liver stores of the newborn and vitamin A content of the 
colostrum. Supplementing the prepartum ration with 80 milli­
grams tocopherols per 100 lb. liveweight increased.the liver 
storage of vitamin A in the newborn lamb but had little effect 
in the newborn kid. Tocopherol supplementation at the levels 
fed had no influence on the vitamin A content of the colostrum 
of the species studied. Tocopherol supplementation in combina­
tion with vitamin A had no significant effect in the vitamin A 
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stores of newborn at birth or on the vitamin A content of 
colostrum when compared to those receiving only vitamin A. 
Rousseau ^  al. (1957) added graded levels of tocopherol 0,0, 
1.0, 3.0, 9,0 milligrams per liveweight per day to the basal 
ration of lambs for an experimental period of twelve weeks 
duration. Plasma tocopherol was found to increase with di­
minishing rates with tocopherol intake. It was concluded that 
tocopherol intake appeared to influence vitamin A metabolism 
by increasing plasma vitamin A metabolism and decreasing liver 
vitamin A concentrations but these differences were not statis­
tically significant. 
As far as liveweight gains and feed efficiency in lambs 
i s  c o n c e r n e d ,  C l i n e  e t  a l .  ( 1 9 6 3 )  c o n d u c t e d  a 2 x 2 x 2 x 3  
factorial experiment. A hundred and forty-four western cross-
breds averaging sixty-seven pounds liveweight, were given no 
vitamin A or 98,000 I.U. per week by subcutaneous injection; 
no alpha tocopheryl acetate or 700 milligrams per week, no 
potassium nitrate or 4% in air dry feed, no thyroid treatment 
of 1.05 gm. Tapazole or 700 milligrams tri-iodo-L-thyronine 
per week. Supplements of vitamin A, potassium, alpha toco­
pherol did not significantly affect liveweight gains of lambs. 
None of the treatments, except vitamin A, seemed to affect 
storage in the liver. This effect was not as great as might 
be expected from the amount of increased liveweight gain. 
Perry ej^ (1964), using a hundred and forty-seven 
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creep-fed suckling lambs of five breeds, injected vitamin B 
and vitamin A separately or together within a week of birth. 
Effects on liveweight gains up to two months of age were not 
consistent enough for such injections to be recommended but 
seemed to have a beneficial effect in some breeds. 
Hatfield et al^. (1961) fed thirty-two lambs for sixty 
days on a ration consisting of three pounds of high-nitrate 
corn silage and one pound of concentrate daily in a 2 x 2 x 2 
factorial experiment. The treatments included high-nitrate 
silage, added vitamin E, and Tapazole while the control ani­
mals received a comparable normal corn silage ration. Weight 
gains were low in all the high-nitrate silage treated groups 
and these did not differ significantly among groups. Plasma 
vitamin A values did not differ significantly among groups of 
lambs fed high nitrate silage. However, all plasma values foe 
high-nitrate silage fed lambs were significantly decreased be­
low values obtained for the control lambs. Values were 17 
versus 59 micrograms per cent for plasma while liver values 
were 698 versus 1331 vitamin A per liver per kilogram body 
weight, respectively. All values were significant at the 1% 
level. 
Non-ruminants 
One of the early workers who studied some interrelation­
ships between vitamin E and vitamin A in experimental animals 
was Thomas Moore (1940). Using rats, Moore observed that the 
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vitamin A reserves of rats kept for prolonged periods on a 
diet deficient in vitamin E in which vitamin A was supplied 
were always much lower than those of the control animals. When 
being dosed with carotene this difference between the amounts 
of vitamin A formed by rats treated and not treated with vita­
min B were relatively slight. 
More recently Roels et (1964) maintained rats on a 
vitamin A deficient diet and fed two levels of alpha toco­
pherols. Control animals were pair-fed. Higher dietary 
alpha tocopherol caused an increase in the liver stores of 
vitamin A in the control animals. Vitamin A deficiency increased 
liver concentration of alpha tocopherol and lowered serum 
albumin but increased globulins. In the same study, Roels 
et al. (1964) observed that incorporation of amino acids 
into diaphragm protein were significantly higher in the tissues 
of vitamin A deficient rats fed at the lower alpha tocopherol 
intake than in pair-fed control. In contrast, the incorpora­
tion of cM. amino acid into protein from vitamin A deficient 
diaphragm receiving the higher alpha tocopherol intake was 
significantly lower than that of pair-fed controls. This 
change in protein metabolism was explained through the effect 
of vitamins A and E on membrane property. Vitamin A deficiency 
in rats was explained on the basis of increased cell permeabili­
ty at the low tocopherol intake. At high levels of vitamin E, 
vitamin A deficient diaphragms incorporate less cti.amino 
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acids signifying that cell permeability is altered in the 
opposite direction to that observed in low tocopherol levels. 
Diplock et £l. (1961) studied the effect of tocopherol, 
vitamin A, selenium, and antioxidants on ubiquinone concen­
trations in the tissues of rats. Using vitamin £ deficient 
female rats, it was observed that ubiquinone content in tissues 
was increased by vitamin E treatment. However, this increased 
ubiquinone concentration was not influenced by varying the 
vitamin A content of the diet. Selenium administered to vita­
min E deficient rats significantly enhanced ubiquinone concen­
tration in all tissues examined. The same effect was observed 
whether selenium at the rate of one milligram per kilogram of 
feed was given in the diet or 2-10 micrograms alpha tocopherol 
injected as a single dose. Two powerful antioxidants, Santaquin 
and DPPD (N,N-diphenylenediamine), which, like alpha tocopherol, 
were able to protect vitamin A and reduce lipid peroxidation 
in liver were without significant influence on ubiquinone con­
centration in the rat. Selenium, on the other hand, showed 
no antioxidant effect but had a marked influence on ubiquinone 
concentrations. 
Interrelationships between vitamin A and vitamin E in 
poultry nutrition appears to take a different form from that 
observed in rats. Atkinson et (1963) observed the effects 
of vitamin A, vitamin E, and ethoxyquin on the performance of 
turkeys. Turkey hens were fed a ration containing all known 
nutrients except vitamin A. After fifty days, egg laying 
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stopped. Ethoxyquin added to the ration prevented the de­
ficiency symptom while vitamin E additions had no effect. The 
authors concluded that E appeared to function in the removal 
of vitamin A liver stores in order to maintain normal metabol­
ic function. Ethoxyquin appeared to function as an in vivo 
antioxidant protecting and maintaining liver vitamin A store. 
The lack of response from vitamin E noted in this experiment 
was further confirmed by other workers. 
Bieri et al. (I96 0) observed normal growth and develop­
ment of female chickens without dietary vitamin E or other 
antioxidants. Two studies were published in which chicks were 
fed from hatching a purified vitamin E-free diet containing 
no added antioxidant for six to twelve months. Chemical analy­
sis indicated that alpha tocopherol disappeared from the tis­
sues of the chicks after five weeks. When compared with con­
trol chicks, vitamin E depleted chicks appeared normal, grew 
at the same rate, and eventually laid eggs when matured. This 
observation might tend to give the reader the impression that 
vitamin E is not an essential nutrient in poultry nutrition. 
The handicaps in analytical procedure for vitamin E warrant 
reconsideration for such an impression. 
Pudelkiewicz et al, (1964) studied the effects of high 
levels of dietary vitamin A acetate on tissues. The total 
tocopherol content of liver tissue and plasma was determined 
after two-week-old vitamin A depleted chicks had received 0.5, 
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5, 50, 500, and 5,000 milligrams of vitamin A acetate per kilo­
gram of diet for five, ten, and twenty days. The tocopherol 
content in the tissues was markedly depressed especially at 
the highest levels of vitamin A intake. Tocopherol depletion 
from the tissues at the highest levels of vitamin A intake was 
similar to that previously encountered by feeding a vitamin B 
low basal diet. It was concluded that decreasing liver toco­
pherol values with time at a dietary level of 17.6 milligrams 
of dl-alpha tocopheryl acetate per kilogram may be indicative 
of a gradually increasing tocopherol requirement of the rapid­
ly growing chicks. This seems to emphasize additional need 
for vitamin E in rapidly growing chicks. 
High levels of tocopherols in the blood and tissues have 
been found to inhibit the conversion of carotene to vitamin A. 
McGillivray and Worker (1958) studied the effect of tocopherol 
on the utilization of intravenously administered carotene in 
rats. On the basis of the results obtained with preliminary, 
simultaneous and subsequent injections of tocopherols, it was 
concluded that intravenously administered carotene undergoes a 
rapid breakdown, possibly in the blood to an intermediate vrtiich 
is then more slowly converted tovitamin A. 
McGillivray (1961) also studied the conversion into vita­
min A of intravenously administered aqueous dispersion of caro-
tenoids in rats. He obtained additional avidence that the re­
action is initiated in the blood immediately after injection. 
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The simultaneous injection of methyl linoleate with carotene 
increased the liver storage of vitamin A up to three-fold. 
The increase in liver storage was attributed to the possi­
bility that a rapid coupled oxidation of unsaturated lipids 
with hemoglobin as a catalyst may result in the formation of 
such a compound as retinene. Retinene then is reduced to 
vitamin A in the tissues. When the dispersing medium was 
Tween 40, hydrolysis takes place resulting in the release of 
carotene which in turn associated with plasma protein and was 
apparently no longer susceptible to the type of oxidation that 
leads to the formation of vitamin A. 
Vitamin E and Selenium Interrelationships 
The first observation that eventually led to the discovery 
of selenium as a nutritional factororiginated in the studies 
with brewer's yeast as a protein supplement in Europe during 
the Second World War. Hock and Fink (1943) observed that 
rats on a yeast diet developed liver necrosis. Wheat germ 
and wheat bran showed protective activity against liver necro­
sis. On fractionation, Schwarz (1944) showed that vitamin E 
(alpha tocopherol) was identified as the main protective agent. 
Attempt by American scientists to duplicate the necrotic 
syndrome by feeding rats a diet of brever's yeast were unsuc­
cessful. However, with a diet based on Torula yeast, Schwarz 
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(1951) reproduced the results obtained in Europe. He gave 
the name "factor 3" to the unidentified material present in 
the American brewer's yeast but not in the Torula yeast or 
European brewer's yeast. Selenium was finally identified as 
the key component of factor 3 by Schwarz and Foltz (1957) and 
Stokstad et (1957). 
Another connection between vitamin E and selenium was es­
tablished when Scott (1958) discovered that brewer's yeast 
would prevent exudative diathesis in chickens. This condition 
was recognized as a vitamin E deficiency which could be induced 
with a Torula yeast diet. 
The precise metabolic role of selenium and vitamin B 
still remains a dilemma. McLean (1959) who was one of the 
first research workers to observe growth responses to selenium 
has summarized this situation as follows: "There can be little 
doubt that traces of selenium are required by the animal for 
normal metabolism, that vitamin E and selenium are interrelated 
in their functions and that vitamin E cannot completely replace 
the need for selenium". 
Cattle 
Selenium and/or vitamin E supplementations in cattle nu­
trition have been largely employed in calves. Calves seem to 
be more susceptible to muscular dystrophy than adult cattle. 
Sharman et al. (1959) observed that five times more vitamin B 
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is needed to prevent naturally occurring muscular dystrophy 
than to prevent experimentally induced muscular dystrophy, 
suggesting that other factors may also be involved. In a 
field trial conducted on 25 farms, groups of 58 calves were 
each given either no treatment, 200 mg. of alpha tocopherol 
weekly, or 0.25 mg. of selenium as sodium selenite daily. 
Calves developing muscular dystrophy as a result of the above 
treatments were 10, 2, 0, respectively. It should be pointed 
out that selenium deficiency might be masked in certain areas 
where adequate tocopherol is supplied by silage or green fodder. 
Maplesden and Loosli (1960) fed male Holstein-Priesian 
calves a semi-purified vitamin B deficient basal diet plus 30 
ml. of cod liver oil. Intensified Zenkers degeneration in the 
skeletal and tongue muscles and degeneration of purkinje fibers 
of the heart resulted. Daily doses of 200 I.U. of water dis-
persible alpha tocopheryl acetate with or without 1 ppm of 
selenium added to the diet prevented muscular dystrophy. The 
addition of 1 ppm of selenium alone had no effect. Calves fed 
tocopherol had plasma total tocopherol levels averaging 639 
micrograms per 100 ml. while those given no tocopherol aver­
aged 108 microgram/lOO ml. 
Blaxter et al. (1961) treated beef calves with selenium 
in the form of sodium selenate. They gave single subcutaneous 
injections of 15 rag. selenium within few days of birth, 5 
milligrams selenium injections at 3-week intervals from birth. 
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and five milligrams of selenium orally at three-week intervals 
from birth. Muscular dystrophy was prevented except for one 
case in each of the groups given selenium by injection. The 
control group showed eleven cases of muscular dystrophy and 
two deaths. It was concluded that selenium was as effective 
in reducing the incidence of muscular dystrophy as 20 milli­
grams alpha tocopherol given daily. 
Maplesden ejt (1960) fed male Holstein calves for two 
days on a skimmed colostrum milk with vitamin A and D and anti­
biotic being added. The calves were not allowed to suckle 
after birth. Instead they were fed a basal dystrophogenic 
diet consisting of 70% skimmed milk, 5% dextrose, and 25% 
stripped lard. One member of a given pair of calves were fed 
the basal diet alone or with either 200 I.U. dl-alpha tocopher­
ol per calf daily or 10% dried brewer's yeast or with both. 
None of the calves developed clinical signs of muscular dys­
trophy but all calves not supplemented with tocopherol showed 
degeneration of the skeletal muscles after 82 to 100 days from 
the start of the experiment. 
Maplesden e;t (I960) observed that the mean plasma 
tocopherol levels in'a well-fed herd of 27 beef cattle over a 
520-day period were 0.360 t .loi and .571 t .189 mg/lOO ml. for 
stable and pasture feeding, respectively. At high levels of 
intake, i.e. pasture feeding, there was a significant differ­
ence in plasma total tocopherols between breeds: Angus greater 
than Shorthorn and both greater than Hereford. During periods 
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of low tocopherol intake there was little difference—between 
breeds. Low plasma tocopherol levels of eighteen calves born 
to these cows on barn rations or on pasture were .287 Î .147, 
and .301 Î ,031 mg/lOO ml, respectively. At times the toco­
pherol levels of the calves were below the levels seen in some 
clinical cases of muscular dystrophy. 
Jolly (I960) investigated the growth response from seleni­
um in calves. He compared the growth rate of 93 control 
calves to 115 treated calves that received 10 milligrams of 
sodium selenate twice a month. Over a four week period, seleni­
um dosed calves on an average gained 52% more weight than the 
control. 
The addition of both selenium and/or vitamin B in beef 
cattle nutrition is rather limited. Burroughs et (1963) 
added selenium and a combination of vitamin £ and K to no-hay 
finishing cattle ration that was low in vitamin B. Three feed­
ing trials were conducted in which a combination of vitamins E 
and K resulted in superior performance. The vitamin supple­
mented cattle averaged 9% faster liveweight gains and a similar 
improvement of feed efficiency. A fourth cattle feeding trial 
was conducted in which supplemented selenium was added to a 
similar no-hay finishing cattle ration. The liveweight gain 
response from selenium was fully as high or higher than the re­
sponses obtained with the supplemental vitamins. They also ob­
served that supplemented selenium as well as supplemental 
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vitamin A exerted a sparing action on liver vitamin £. 
Sheep 
Selenium and vitamin B are often utilized in the treatment 
of muscular dystrophy in sheep. Sheep in general seem to be 
more affected by white muscle disease than cattle. Suckling 
lambs are more susceptible than adults. Hogue e^ al. (1962) 
studied the relationship of selenium and vitamin E in muscle 
dystrophy of lambs. Based on five years research, Hogue e^ al. 
(1962) concluded that both selenium and vitamin E were equally 
effective in preventing the natural occurring syndrome. Neither 
selenium nor vitamin E gave complete protection when fed to the 
ewe during late gestation or early lactation. However, both 
were completely effective when given directly to lambs. A 
combination of vitamin E and selenium given to ewes did result 
in complete protection to lambs. It seemed that the maternal 
transfer of either selenium or vitamin E was inadequate at the 
levels fed: 1.0 ppm selenium and 100 I.U. vitamin E per day. 
The addition of an antioxidant to the ewes did not reduce the 
incidence of dystrophy in the lambs. 
Hopkins ^  (1964) fed infant lambs an unsupplemented 
liquid diet containing Torula yeast and stripped lard. Lambs 
developed gross microscopic symptoms of nutritional muscular 
dystrophy in 16 to 36 days. They also exhibited very high 
levels of serum glutamic-oxalacetic transaminase. Selenium 
supplementation was noted to stimulate growth early in the 
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experiment to a greater extent than vitamin E and prevented 
the clinical symptoms of muscular dystrophy. Selenium seemed 
to have moderated the course of the disease but did not pre­
vent it entirely in these experiments. Vitamin E in adequate 
amounts prevented all symptoms of dystrophy. The combination 
of selenium and vitamin E showed positive effects of both 
nutrients. 
The responses from selenium and/or vitamin E in muscular 
dystrophy seem to be quite variable among investigators. At 
times a larger beneficial response has been obtained from 
vitamin B than from selenium. Welch e;t (I960) studied the 
effects of feeding fish oil, vitamin E, and selenium to ewes 
upon the occurrence of muscular dystrophy in their lambs. In 
three experiments fish liver oil feeding during pregnancy and 
lactation was an effective means of producing muscular dys­
trophy in lambs. Vitamin B administration to ewes was effec­
tive in counteracting the dystrophy-producing effect of the 
oil. Vitamin E was effective also in curing dystrophic lambs. 
The feeding of fish oil lowered ewe and lamb blood plasma con­
centrations of vitamin B. 
When selenium was incorporated into the rations of ewes 
receiving fish liver oil, the occurrence of muscular dystrophy 
in lambs were decreased but not eliminated. Selenium supple­
mentation did not alter the blood plasma tocopherol concentra­
tions of ewes or of their lambs, nor did it alter the vitamin E 
concentration in the milk or the degree of unsaturation of 
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the milk fat. 
In other incidences, selenium was observed to have a 
greater response than vitamin E in treating muscular dystrophy 
in lambs. Schubert ejt aJL. (1961) produced white muscle disease 
in lambs by feeding ewes during gestation on forages from af­
fected areas. Analysis of the forages showed no relationship 
between tocopherol content and incidence of the disorder. A 
direct relationship existed between the selenium contents of 
the basal alfalfa and the white muscle disease incidence. 
Supplementation of the ration of the dams during gestation 
through weaning with 0.1 ppm sodium selenite provided excellent 
protection against the disease. 
Administration of vitamin B to dams in daily oral doses 
of 100 I.U. or weekly parenteral doses of 770 I.U. had no ef­
fect except to elevate plasma tocopherol levels of the dams. 
When lambs from ewes fed the basal forage were given 2000 I.U. 
tocopherol as a drench in equal doses at 1 and 4 days of age 
or injected subcutaneously with 0.28 or 1.12 milligrams seleni­
um in saline solution, the major observable postmortum lesions 
were reduced but histopathological lesions were not. No cor­
relation existed between the plasma tocopherol levels and the 
occurrence of the disease. Selenium appeared to be more ef­
fective than vitamin E in preventing the disorder and for sup­
porting greater growth. 
Drake et (1960) studied the effect of alpha tocopherol 
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and selenium on the control of field outbreaks of white muscle 
disease in lambs in New Zealand. Ewes were treated during the 
later stages of pregnancy with either alpha tocopherol or 
sodium selenate. Their results suggested that under the con­
ditions of the trials, alpha tocopherol was of no value while 
selenium appeared to reduce the number of prenatal deaths 
caused by congenital white muscle disease. In other trials, 
lambs were given alpha tocopherol or sodium selenate. Alpha 
tocopherol gave some protection from white muscle disease 
while selenium gave almost complete protection. 
McLean et (1959) in a series of growth trials employed 
730 lambs giving sodium selenite at the rate of 0.5 milligrams 
by month or giving 1.0 milligrams of sodium selenate subcutane-
ously once every ten days. The increases in growth rate noted 
varied from 12 to 40 per cent. The responses in most cases 
were observed within three weeks and continued throughout the 
trials, the longest of which lasted 105 days. The response 
from selenium was noticed in flocks in which previous cases 
of muscular dystrophy had occurred and in those with no history 
of the disease. 
Sien ei^ al. (1961) observed the effects of selenium on 
wool growth and body gains in sheep. Five range ewes were 
given 5 milligrams of selenium per bead daily for the first 
year of the trial and 20 milligrams daily during the second 
year. They were compared with controls given no selenium. No 
increase in wool clip in the first year was observed. In the 
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second year fleece weight was significantly increased by 
selenium. In both years body weight was significantly in­
creased. 
Non-ruminants 
Rats have been employed as experimental animals for the 
studying of selenium and vitamin B relationships. Edwin et 
al. (1961) studied the role of tocopherol, selenium, and anti­
oxidants in the rat. They observed that dietary supplements 
of either tocopherol or selenium increased ubiquinone levels 
in the heart and liver of young female rats while Santaquin 
had no effect. Santaquin and DPPD (N,N-diphenyl-p-phenylene 
diamine) effectively protected vitamin A and prevented ^  vitro 
peroxidation in the liver but did not increase ubiquinone 
levels. Selenium was without significant protective effect 
against peroxide formation in the liver. 
Chicks have also been used for the study of selenium and 
vitamin E relationship. Nesheim and Scott (1958) showed that 
sodium selenite at levels of 1 to 5 milligram per kilogram of 
basal diet produced a marked decrease in the incidence of mus­
cular dystrophy in chicks but did not completely prevent it 
when the diet was deficient in both methionine and vitamin £. 
In the same experiment the addition of either methionine or 
vitamin B completely prevented dystrophy. 
Desai and Scott (1965) further observed that selenium 
levels above one part per million (1 ppm) had no beneficial 
35 
effect upon nutritional muscular dystrophy in chicks. Dietary 
selenium, however, was effective at lower levels, at least in 
part, by increasing retention of alpha tocopherol. It was 
speculated that vitamin fi may be carried by a selenolipo-
protein fraction associated with serum gamma globulin. 
Griffiths (1961) studied the effects of different sources 
and levels of dietary lipids on liveweight gains and body 
vitamin B storage. Groups of fifteen day-old chicks were fed 
for six weeks on purified basal diets low in vitamin £ but 
containing 0.8 ppm added selenium. The effects of 5, 7.5, 
and 10% of added fat with and without supplementary tocopherol, 
were compared in a factorial arrangement. Weight gains and 
feed consumption were measured and concentrations of toco-
{Aerols in serum and liver were determined at six weeks of age. 
The birds made significantly better gains in weight when sup­
plementary alpha tocopherol was included in the diet. Supple­
menting the diets with alpha tocopherol resulted in highly sig­
nificant increases in tocopherol concentrations in serum and 
liver. 
More recently Scott (1965) studied some of the interre­
lationships between tocopherols and selenium in chicks. He 
observed that when selenium was fed at the rate of 1.0 ppm to 
chicks, plasma tocopherols were higher than the non-supplemented 
controls. However, when tocopherols were fed in combination 
with selenium still higher plasma tocopherols were obtained. 
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Using radioactive se'*^ and H tocopherol, he observed that the 
incorporation of both isotopes were highest in serum globulin 
and lowest in serum albumins. He concluded that one biological 
role of selenium appeared to lie in a selenium containing com­
pound which acts as a carrier of vitamin E. This, the author 
believed, might function in absorption, retention, prevention, 
or destruction and perhaps transfer across cell membranes of 
d-alpha tocopherol thereby enhancing its biological activity 
in the blood and perhaps in cells throughout the body. 
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MATERIALS AND METHODS 
Selenium, Corn Grain and Corn Silage Experiment 
Seventy-two male calves of Hereford and Angus breeds, 
averaging 570 lb. liveweight, were randomly assigned to twelve 
pens of six animals each. Three kinds of rations based on 
energy levels were employed during an experimental period of 
265 days. The experiment was started January 1964 and ended 
October 1964. The rations consisted of a full feed of ground 
ear corn or a full feed of corn silage with limited grain or a 
half feed of corn grain and a half feed of corn silage. A 
cattle-concentrate premix at a constant rate of a half pound per 
animal per day was included in the grain portion of each ration 
fed. The ingredients and amounts used in the cattle-concentrate 
premix are listed in Table 1. 
The half pound daily allowance of premix supplied 10 milli­
grams of stilbestrol, 6,000 I.U. of vitamin A, 0.40 pound protein 
equivalent as urea, 0.05 pound calcium, 0.02 pound phosphorus 
per animal per day plus trace minerals as well as unidentified 
rumen factors contained in the molasses. Based upon earlier ex­
periments, these quantities of supplementary nutrients and stil­
bestrol were believed to be adequate for maximum feedlot per­
formance with most corn silage and ground ear corn finishing 
rations. 
Each of the three rations fed in this experiment contained 
different amounts of ground corn per steer per day. Since 
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Table 1. Cattle-concentrate premix composition 
Percent Lb/ton Lb/animal 
Ingredient composition premix daily 
Dried molasses or ground corn 33 660 0.165 
Urea 30 600 0.150 
Dicalcium phosphate 20 400 0.100 
Limestone 12 240 0.060 
Stilbestrol premix (1 gm/lb) 2 40 0.010 
Vitamin A premix 2 40 0.010 
Trace mineral premix* 1 20 0.005 
Total 100 200 0.500 
^he percent composition of the trace mineral premix 
was as follows: manganese 4.4, iron 6.6, copper 1.3, cobalt 
0.2, iodine 0.3, zinc 12.0 and magnesium 20.0 
the cattle-concentrate premix was fed at a constant rate, the 
proportion of premix mixed with the corn grain was different 
in each ration. For example, in the corn silage ration with 
limited grain 0.5 pound of premix was mixed with each 3.5 
pounds of corn. Where the ration consisted of either a half 
of a full feed of corn grain, half a pound of premix was mixed 
with a larger amount of corn. The amounts of premix mixed 
throughout the progress of the feeding trials are presented in 
Table 2. The grain plus premix mixture and the corn silage 
consumed per animal during the experimental period are pre­
sented in Table 3. 
Table 2. Amount of cattle-concentrate premix mixed with corn in supplying a half 
pound of premix per animal daily 
I 
Ration No. 1 Ration No. 2 Ration No. 3 
(Full feed corn) (Half and half) (Corn silage) 
Period 
(weeks) 
lbs. 
ear 
corn 
lbs. 
pre­
mix 
% 
pre­
mix 
lbs. 
ear 
corn 
lbs. 
pre­
mix 
% 
pre­
mix 
lbs. 
ear 
corn 
lbs. 
pre­
mix 
% 
pre­
mix 
First (8) 1500 50 3.2 1800 100 5.4 1750 250 12.5 
Second (8) 1900 50 2.5 2000 100 4.7 1750 250 12.5 
Third (10) 2100 50 2.3 2400 100 4.0 1750 250 12.5 
Fourth (12) 2300 50 2.1 3200 100 3.0 1750 250 12.5 
Average 2000 50 2.4 2300 100 4.2 1750 250 12.5 
Table 3. Corn plus premix mixture and corn silage consumption per animal daily 
Ration No. 1 Ration No. 2 Ration No. 3 
High-grain Half and half High silage 
Ground corn Corn Ground Corn Ground Corn 
and cob + silage shelled silage shelled silage 
premix* wet corn • wet corn + wet 
basis premix^ basis premix* basis 
lb. lb. lb. lb. lb. lb. 
First 8 weeks 15.6 None 9.2 16.4 3.9 24.9 
Second 8 weeks 20.3 None 10.6 28.4 4.0 38.6 
Third 10 weeks 21.7 None 12.4 30.0 4.0 43.2 
Fourth 12 weeks 23.5 None 16.4 22.1 4.0 39.8 
Average 20.7 None 12.6 24.3 4.0 37.3 
*0.5 pound of premix was present in each daily grain mixture fed. 
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Bach of the three rations was fed in replicates to two 
pens. Steers in the six pens were fed one of the three rations 
in a similar manner. The only difference was that selenium 
premix containing 1.1 grams of sodium selenite Na Se Oj.gHgO 
in six pounds limestone was added. The selenium premix pro­
vided approximately 0.1 ppm selenium in the total ration. Be­
sides the 6,000 I.U. supplemental vitamin A being fed in each 
of the rations, the animals also were receiving whatever amounts 
of tocopherols or carotenes that were naturally present in the 
feeds of their respective type of ration. It is generally es­
timated that corn grain contains 1.15 milligram carotene per 
pound and 4.2 milligrams tocopherol per 100 grams of grain on 
a dry matter basis. Corn silage is also estimated to contain 
5.3 milligrams of carotene per pound on a dry basis which is 
equivalent to a total tocopherol content of 30 milligrams/lOO 
grams dry matter. The carotene values were estimated from Mor­
rison's Feeds and Feeding (1959) values vrtiile the tocopherol 
values were estimated from values given by Brown (1953). 
Liveweight gains and feed consumption by the cattle were 
recorded throughout the experimental period. At the end of the 
experimental period, the steers were slaughtered at a Des 
Moines packing plant. Serum and liver samples were obtained. 
The serum was collected and preserved by refrigeration accord­
ing to the procedure outlined on page 92, Appendix. Liver 
samples were preserved in the deep freeze. 
Serum vitamin A and carotenoid analyses were conducted on 
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an individual animal basis according to the method described 
by Neeld and Pearson (1963). The procedure envolved the ex­
traction of vitamin A and carotenoids from serum or plasma 
by chloroform. Then a quantitative spectrophotometric deter­
mination was made as outlined in the Appendix, page 88 . 
Liver vitamin A analysis involved the homogenation, saponi 
fication extraction and quantitative colorimetric determination 
as outlined for serum and plasma (See Appendix, page 89). 
Pooled liver total tocopherol values per each replicate 
was conducted according to the Analytical MethodsCommittee 
(1959) and according to Edwin e_t a^. (I960). 
Liver vitamin B was determined as total tocopherols. 
Homogenation, saponification, extraction and earth column 
chromatography was conducted prior to making colorimetric de­
terminations (see Appendix, page 8 5). 
Statistical analysis on serum and liver vitamin A and on 
serum liver total tocopherols were conducted according to 
Snedecor (1956). 
Following the slaughter of the cattle, the beef carcasses 
were critically examined at the packing house with respect to 
dressing percent and federal carcass grade. Each beef carcass 
was broken into standard wholesale cuts and one rib from each 
animal was brought to the Iowa State campus and utilized in 
taste panel studies. Also, some economic evaluations based up­
on liveweight values, carcass values, and values of the retail 
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meat produced in feedlot were also made in order to compare the 
feeding value of corn silage versus corn grain. Feed intake 
and amount of feed consumed per hundred pound of gain and cost 
of production were all calculated. 
Selenium and Additions of Unsaturated Oil to 
Finishing Cattle Rations 
Twelve lots of six Holstein steers, averaging a little 
over 600 pounds per animal, were used in this experiment. The 
basal ration was low in vitamin £ consisting of a full feed of 
rolled corn and ground corn cobs with two pounds of protein 
supplement. Six lots of cattle were given no selenium supple­
ment while the other six lots were supplemented with selenium 
at the rate of 0.2 ppm of the total ration. Three types of 
rations were used in replicates. They included a basal ra­
tion alone or basal plus sulfate or basal plus sulfate plus 
oil. The experimental design is illustrated as follows: 
Experimental design 
controls 0.2 ppm selenium 
Basal ration Lot 1 Lot 2 Lot 3 Lot 4 
Basal and 
sulfate 
Lot 5 Lot 6 Lot 7 Lot 8 
Basal, sulfate 
and oil 
Lot 9 Lot 10 Lot 11 Lot 12 
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The ingredients of the basic supplemental mixture which 
were fed at the rate of two pounds per day are shown in Table 
4. A sulfur supplement consisting of one-third of a pound of 
Glauber's salt plus two-thirds of a pound of corn per animal 
per day was prepared and fed to eight of the twelve lots. 
Soybean oil in which vitamin E has been destroyed by heating 
with lauryl peroxide was fed to four lots. In each case two 
lots were supplemented with selenium while the other two lots 
were not. The rations contain 0.50% calcium and 0.30% phospho­
rus. The protein content of the diet varied between 10.5 to 
11%. 
The experiment was started February 25, 1965 and completed 
on September 22, 1965. Liveweight gains and feed consumption 
were kept recorded throughout the experimental period. The 
animals were bled at the start of the experiment and at the 
time of alughter. Plasma was collected and preserved accord­
ing to the procedure outlined in the Appendix. Individual 
plasma vitamin A and carotenoid analyses were conducted accord­
ing to Neeld and Pearson (1963). Plasma total tocopherol on 
each sample was conducted according to Quaife e;t (1949). 
All data obtained were subjected to statistical analysis ac­
cording to Snedecor (1956). 
Selenium and Kidney Bean Experiment 
Six lots of five heifers each, averaging 550 pounds, were 
used in this experiment. The ration consisted of a full feed 
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Table 4. Composition of the basic supplemental mixture fed 
Ingredients 
Supplement 
No. 1 
lots 
1,2,5,6,9,10 
Supplement 
No. 2 
lots 
3,4,7,8,11,12 
Corn 500.00 500.00 
Soybean meal 253.60 253.60 
Urea 100.00 100.00 
Dicalcium phosphate 60.00 60.00 
Limestone 75.00 57.00 
Trace mineral 4.20 4.20 
Stilbestrol® 5.00 5.00 
Vitamin 2.20 2.20 
Selenium premix^ 18.00 
TOOO.OO 
— — 
1000.00 
^Provides 20 milligrams diethylstilbestrol per day. 
Provides approximately 10,000 I.U. vitamin A per steer 
per day. 
cselenium premix contains 0.083 grams Na2Se03*5H20 per 
pound of limestone. The premix in the supplemental mixture 
when fed in 20-22 pounds of feed results in 0.2 ppm of 
selenium. — 
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of rolled corn with limited amounts of ground corn cob, a min-
eral-protein supplement on a corn base, and ground raw kidney 
beans. Three lots of heifers received selenium in their sup­
plement at the rate of 0.1 ppm while the other three lots did 
not receive supplemental selenium. The experimental design is 
illustrated as follows: 
Experimental design 
Controls 0,1 ppm 
selenium 
Lot 1 Lot 2 
Lot 3 Lot 4 
Lot 5 Lot 6 
Corn and kidney beans as concentrate were fed to heifers in 
the six lots. The mineral-protein supplement was fed at the 
rate of two pounds per head per day. The composition of the 
supplement is shown in Table 5. 
The experiment was started on April 15, 1965 and ended on 
October 6, 1965. All heifers were bled at the start of the 
experiment, at the mid point of the feeding period, and when 
the animals were slaughtered. The procedures followed in col­
lecting plasma and analyzing for vitamin A, carotenoids, and 
tocopherol were similar to those employed in the previous ex­
periment. 
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Table 5. Composition of mineral-protein supplement 
0.1 p^  
No selenium selenium 
supplement supplement 
Ingredients % % 
Corn 90.00 90.00 
Urea 2.50 2.50 
Dicalcium phosphate 3.00 3.00 
Limestone 3.50 2.60 
Trace minerals 0.42 0.42 
Stilbestrol* 0.25 0.25 
Vitamin 0.33 0.33 
Selenium premix^ - 0.90 
100.00 100.00 
^Provides 10 milligrams diethylstilbestrol per head 
daily. 
^Provides approximately 15,000 I.U. of vitamin A. 
Cpremix contains 0.183 grams Na2Se03*5H20 per pound of 
limestone. This premix in supplement when fed at the rate of 
two pounds per day in total ration of 22 lb. gives approxi­
mately 0.1 ppm selenium. 
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RESULTS AND DISCUSSION 
Selenium, Corn Grain and Corn Silage Experiment 
Results obtained for serum total tocopherol analysis 
showed that vitamin B values were higher in selenium supple­
mented steers as compared to those obtained from the non-
supplemented ones. Corn grain fed steers had a comparatively 
lower serum total tocopherol levels than silage fed animals. 
The values for serum total tocopherol are shown in Table 6. 
Table 6. Serum total tocopherols (vitamin £) for steers in 
milligrams per 100 ml. 
Treatment Lot® 
Corn 
grain 
ration Lot 
Half 
and 
half 
ration 
Lot 
Corn 
silage 
ration 
No supplemental 
selenium (controls) (1) 
(4) 
0.39 
0.42 
(2) 
(5) 
0.57 
0.45 
(3) 
(6) 
0.47 
0.46 
Supplemental 
selenium 0.1 ppm (7) 
(10) 
0.43 
0.48 
(8) 
(11) 
0.58 
0.49 
(9) 
(12) 
0.53 
0.56 
^Numbers between brackets designate the lot. 
When the data was subjected to statistical analysis, 
however, no significant differences were obtained either from 
the type of ration fed or from selenium supplementation, see 
Table 19 in the Appendix. This tendency for higher total 
tocopherol values in the selenium supplemented groups merits 
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additional comment. Maplesden and Loosli (1960) observed a 
slight increase in plasma total tocopherol of selenium sup­
plemented calves as compared to unsupplemented controls. 
However, when vitamin E was supplemented together with selen­
ium or given alone there was a more pronounced increase in 
total tocopherols in plasma obtained from selenium supple­
mented calves. 
More recently Scott (1965) conducted an extensive study 
on the interrelationships between selenium and vitamin £ in 
poultry nutrition. He observed an increase in plasma toco-
{^erol levels of selenium fed chicks as compared to controls. 
The plasma values for chicks fed 1.0 ppm selenium averaged 
227 microgram/lOO ml. as compared to 193 micrograms for con­
trols. However, when tocopherols were added with selenium, 
still higher plasma tocopherol values were observed in the 
combination groups as compared to vitamin B alone. The values 
were 841 micrograms/lOO mr. for the combination as compared 
to 591 micrograms for the vitamin E alone. Scott (1965) in 
7 S the same study employed radioactive selenium se and radio­
active vitamin B H^-tocopherols. He observed that the in­
corporation of both radioactive isotopes were highest in serum 
globulin and lowest in serum albumen. Based on the distribu­
tion of both Se?^ and H^-tocopherols in various protein frac­
tions of chick serum, Scott was able to make the hypothesis 
that one of the biological roles of selenium lies in a selenium 
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containing compound which acts as a carrier of vitamin £ and 
which may function in absorption, retention, prevention of 
distribution, and perhaps transfer across cell membrane there­
by enhancing its biological activity in the blood. Such a 
hypothesis led the authors to speculate further that the role 
of tocopherols may not reside in a specific metabolic func­
tion. Usually, however, tocopherols at a dietary level that 
provides an adequate blood supply is as effective as that 
level which is sufficient for prevention of muscular dystrophy 
in the chick. 
The results of the present study and the majority of re­
sults of others indicate that selenium supplementation favors 
an increase in serum total tocopherols. However, liver total 
tocopherol values obtained in the present study were almost 
the reverse of those obtained with serum. Table 7 shows liver 
total tocopherols for supplemented and non-supplemented cattle. 
The data were subjected to the analysis of variance as shown in 
Table 20 in the Appendix. 
The decrease in liver total tocopherol with selenium sup­
plementation may be related to a higher serum tocopherol level 
through an unexplained mechanism whereby selenium aids in the 
release of tocopherols from the liver. As Scott's (1965) find­
ings and hypothesis that selenium acts as a carrier for tocopher-
olds, it seems logical that selenium through such a carrier ef­
fect might lead to transport of tocopherols from such stores as 
liver to the circulation. This ultimately would accordingly 
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Table 7. Liver total tocopherols (vitamin E) for steers in 
ffiilligsasas/lOO gratas of wet tissue 
Half 
Corn and Corn 
grain half silage 
Treatment —- ration ration ration 
No supplemental 
selenium (controls) 0.923 1.325 1.564 
Supplemental 
selenium, 0.1 ppm 0.874 0.916 1.352 
result in a decrease in liver tocopherol values and a relative 
increase in the serum tocopherol value. However, statistical 
analysis revealed no significant differences in treatments due 
to either the type of ration or to selenium supplementation in 
the present experiments. 
With respect to the vitamin A picture in this experiment, 
the general tendency was that serum carotenoids were about three 
fold higher in silage fed and half and half fed steers as com­
pared to grain fed steers. Serum carotenoid values for these 
steers are shown in Table 8. 
Serum vitamin A values were also higher in the silage and 
half and half groups as compared to the corn grain steers, see 
Table 9. Statistical analysis for serum vitamin A is shown in 
Table 21 in the Appendix. Serum vitamin A values were signifi­
cant for types of rations fed (P<.01) but not for selenium 
supplementation. 
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Table 8. Serum carotenoid values for steers in micrograms/ 
100 ml. 
Treatment 
Corn 
a grain 
Lot ration Lot ration Lot 
Half 
and 
half 
Corn 
silage 
ration 
No supplemental 
selenium (controls) 
Supplemental 
selenium, 0.1 ppm 
( 1 )  
(4) 
(7) 
(10) 
170.8 (2) 500.6 
157.6 (5) 469.3 
188.4 
168.0 
(8 ) 476 .4 
(11) 448.1 
(3) 
( 6 )  
(9) 
(12) 
524.8 
570.9 
542.3 
615.5 
^Numbers between brackets designate the lot. 
The large increase in serum carotenoids in the silage fed 
steers and the half and half groups seems to be attributable 
to the high intake of carotenoids from the silage part of the 
ration. Finishing feed lot cattle are generally regarded as 
poor converters of carotenes to vitamin A. Although most of 
carotene conversion to vitamin A takes place in the wall of the 
intestine, there is reason to believe that some carotenoids may 
escape the conversion process and thus be found in the circula­
tion. Also some conversion to vitamin A may take place in the 
liver. Generally the blood carotenoid picture varies according 
to dietary carotene intake. Klosterman e1^ al. (1964) observed 
that Hereford steer calves grazing green pasture had high blood 
plasma carotenoids. Subsequently after being fed a carotene-
deficient ration consisting of white corn, molasses, dried beet 
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Table 9. Serum vitamin A for steers in micrograms/lOO ml. 
Treatment Lot* 
Corn 
grain 
ration Lot 
Half 
and 
half 
ration Lot 
Corn 
silage 
ration 
No supplemental 
selenium (controls) (1) 
(4) 
17.82 
19.27 
(2) 
(5) 
22.53 
24.69 
(3) 
(6) 
25.67 
24.82 
Supplemental 
selenium, 0.1 ppm (7) 
(10) 
16.42 
18.32 
(8) 
(11) 
26.92 
23.43 
(9) 
(12) 
32.75 
27.93 
^Numbers between brackets designate the lot. 
pulp, and soybean meal for 61 days, plasma carotenoid levels de­
clined markedly but vitamin A values were normal. Fifty six 
steers that had been fed the depletion ration for 137 days were 
subsequently fed corn silage for 126 days. Blood plasma caro­
tenoid and vitamin A levels quickly returned to normal after the 
silage rations were fed. Supplemental vitamin A had no measur­
able effect on plasma vitamin A values. 
Church e^ al. (1956) fed carotene from hay continuously for 
six months prior to parturition in pregnant cows. They observed 
in both cows and calves that plasma carotenoids always exceeded 
plasma vitamin A in cattle. These authors developed the hy­
pothesis that once carotenoids are absorbed into the tissues of 
a ruminant, they are inert markers of the path followed by vita­
min A itself. 
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McGillvray (1961) seemed to have another explanation for 
the increase in blood carotenoids. He studied the conversion 
into vitamin A of an intravenously administered aqueous dis­
persion of carotenoids in rats. He observed an increase in 
blood and liver vitamin A following the intravenous injections 
and attributed the conversion to direct oxidation in the blood 
of the carotenene molecule to vitamin A. He also observed that 
when Tween 40 was used, the dispersing agent was hydrolyzed 
rapidly with the release of carotene which became associated 
with the plasma protein and was apparently rendered no longer 
susceptible to oxidation to vitamin A. Thus according to this 
author higher levels of carotenoids remained circulating in the 
blood. 
Liver vitamin A analysis in this experiment showed a highly 
significant (P<.01) vitamin A content in the silage and half 
and half fed cattle as compared to grain fed animals. This in­
dicated that despite the high serum carotenoid level, some con­
version to vitamin A was taking place as reflected in the high 
liver vitamin A values of the silage and half and half fed 
steers. Liver vitamin A values are shown in Table 10. Statis­
tical analysis is shown in Table 22, Appendix. 
Generally one would expect some destruction of carotene 
within the blood of ruminants. Kon e_t (1955) reported that 
only half the dose of carotene injected appeared in the blood 
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Table 10, Liver vitamin A content per treatment (milligram/ 
gram of wet liver) 
Treatment Lot* 
Corn 
grain 
ration Lot 
Half 
and 
half 
ration Lot 
Corn 
silage 
ration 
No supplemental 
selenium (controls)(l) 0.25 (2) 2.04 (3) 2.48 
(4) 0.18 (5) 2.13 (6) 2.67 
Supplemental 
(7) selenium, 0.1 ppm 0.22 (8) 1.96 (9) 2.72 
(10) 0.13 (11) 2.01 (12) 2.93 
^Numbers between brackets designate the lot. 
but small amounts of carotene persisted for as long as ten days. 
In our experiment it appeared that some carotene conversion 
from corn silage was taking place. One interesting observation 
in the experiment was the significantly lower liver vitamin A 
content in grain fed as compared to silage fed steers. The 
low liver vitamin A content in grain fed steers may have been 
due partly to the low intake of carotenoids in the grain ration 
as compared to the silage ration. However, the liver vitamin B 
content in the grain fed animals was not greatly different from 
that of the silage fed or the half and half groups. Prom the 
type of ration fed, it would have been expected that liver vita­
min A values would be low in the grain fed. This might make one 
wonder if in a case of a low liver vitamin A, vitamin B may be 
mobilized from other store depots such as adipose tissues to in­
crease liver stores and hence utilize liver vitamin A more ef­
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ficiently. Roels ad. (1964) observed that vitamin A defi­
ciency in rats increased liver concentration of alpha tocopher­
ol. This observation by Roels seems to go along with the 
findings observed in this experiment. That is, low liver vita­
min A levels in grain fed steers was accompanied by a compara­
tively high liver vitamin E level. " 
Table 11 summarizes daily total digestible nutrient (TDN) 
consumption, liveweight gains, feed consumption, feed required 
to produce a hundred pounds of gain, and feed cost per pound 
of gain with cattle receiving the three respective rations. 
In general the comparative merits of the corn silage ration 
versus corn grain ration versus half and half ration favored 
the corn silage rations in almost all respects. This was true 
despite the fact that the silage rations produced somewhat slow­
er liveweight gains and required a longer feedlot finishing 
period. The high corn silage finishing ration excelled from 
the standpoint of lower costs of gain, greater profit per steer 
fed, and higher retail cut-out values of beef carcasses pro­
duced. The relative favorableness of the high corn silage 
finishing ration over the high corn finishing ration was great­
est when the feeding period was considered for nine months at 
which time the high grain fed cattle were somewhat fatter than 
the silage fed cattle. 
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Table 11. Results of steers performance during a 265-day 
feeding period 
Corn and Corn 
grain half silage 
ration ration ration 
Initial weight, lb. 573 572 575 
Final weight, lb. 1064 1081 1021 
Av. daily gain, lb. 2,70 2«80 2.45 
Feed consumed (air dry), lb. 19.2 19.0 15.8 
Est. TDN consumption, lb. 13.9 13.3 10.0 
Air-dry feed/lOO lb. gain, lb. 711 679 645 
Est. TDN/lOO lb. gain, lb. 515 475 408 
Feed cost/lb. gain* 12.2 / 12.0/ 9.8/ 
'peed costs were assigned; corn $1.12/bushel; corn silage 
i.OO/tc $8.00/ton, and concentrate-premix $120,00 on. 
The average dressing percent following a thirty mile haul 
to the packing plant was 61.6 for all the cattle and the aver­
age USDA grade for all carcasses was average good. Taste panel 
evaluations were rather similar with cattle fed the different 
kinds of rations. 
Selenium and Additions of Unsaturated Oil to Finishing 
Cattle Rations 
The initial plasma total tocopherols in this experiment re­
sulted in some variation in the different treatments. This was 
expected and could be attributed to individual variations. The 
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initial plasma vitamin B (total tocopherols) as seen in Table 
12, varied between 0.215 to 0.372 on a lot basis but the differ­
ences between treatments at the start of the experiment were 
not statistically significant. However, at the end of the ex­
periment, the lot which had the oil treatment had significantly 
(P< .01) higher total tocopherols as compared to the other lots. 
Selenium treatment did not show a significant difference on the 
plasma total tocopherols. The increase in plasma tocopherols 
in both selenium supplemented and non-supplemented groups may 
have been due to the escape of some of the tocopherol from heat 
treatment resulting in this higher level. The chance that the 
vitamin in the oil escaped the peroxide and heat treatment above 
100®C. for three hours is somewhat remote. Table 13 presents 
the final plasma total tocopherols recorded. Statistical an­
alysis is shown in Table 23 of the Appendix. 
One of the most interesting observations in this experiment 
was the consistently lower plasma carotenoids in all of the 
selenium supplemented lots at the end of the experiment. This 
is the only situation when 0,2 ppm selenium supplementation gave 
significantly (P<.01) lower carotenoid levels. In all of the 
oil treated groups the plasma carotenoids were also lower. The 
relationship between plasma tocopherols and plasma carotenoid 
in oil fed groups is by no means new. Linkous e_t al. (1954) 
in their analysis of the plasma of dairy cows showed a signifi­
cant correlation between plasma carotenes and tocopherol. The 
reason for the low carotenoid values in the present experiment 
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Table 12. Initial plasma total tocopherols (vitamin E) in 
milligrams/lOO ml. 
Treatment 
No supplemental Supplemental 
selenium selenium 
(controls)* 0,2 ppm 
(1) (2) (3) (4) 
Basal ration .360 .293 .269 .269 
(5) (6) (7) (8) 
Basal and sulfate .215 .322 .314 .326 
(9) (10) (11) (12) 
Basal, sulfate and oil .351 .372 .326 .360 
a Numbers between brackets designate the lot in both tables, 
Table 13, Final plasma total tocopherols (vitamin E) in milli­
grams/100 ml. 
Treatment 
No supplemental 
selenium 
(controls)* 
Supplemental 
selenium 
0.2 ppm 
Basal ration 
Basal and sulfate 
(1) (2) (3) (4) 
.355 ,372 ,364 .388 
(5) (6) (7) (8) 
.372 .368 .355 .326 
(9) (10) (11) (12) 
.538 .393 .541 .488 
is best explained by the findings of McGillivray (1961). Work­
ing with rats he clearly demonstrated that when methyl linoleate 
was dispersed with carotenoids a three fold increase in liver 
storage of vitamin A was observed over the same amount of 
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carotenoids that was given without the oil. His explanation 
was that the initial breakdown of carotene might be coupled 
with the oxidation of unsaturated fatty acids and that a simi­
lar increase in the amount of carotene converted into vitamin 
A might be obtained in normal animals by increasing blood 
levels of unsaturated fats. 
The final plasma carotene values obtained in this experi­
ment is shown in Table 14. The statistical analysis is shown 
on Table 24, Appendix. The significant decrease in plasma 
carotenoid would be expected to be followed by a rise in plasma 
vitamin A level. In this experiment no pronounced effect on 
plasma vitamin A was observed at the end of the trial. The 
average initial plasma vitamin A level was 22.75 microgram/lOO 
ml. and that of carotenoids was 96.0 micrograms/lOO ml. Plasma 
vitamin A values obtained at the end of the experiment are 
shown in Table 15. 
Table 14. Final plasma carotenoid in steers in microgram/lOO 
ml. 
No supplemental Supplemental 
Treatment selenium (controls) selenium 
0.2 ppm 
(1) (2) (3) (4) 
Basal ration 100.2 105.6 84 .6 82.2 
(5) (6) (7) (8) 
Basal and sulfate 108.2 103.5 87 .1 85.6 
(9) (10) (11) (12) 
Basal, sulfate and oil 95.5 82.8 94 .3 68.5 
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Table 15. Final plasma vitamin A for steers in micrograms/ 
100 ml. 
' ~ ~ No supplemental Supplemental 
selenium (controls)* selenium 
Treatment 0,2 ppm 
Basal ration 
Basal and sulfate 
Basal, sulfate and oil 
^Numbers between brackets designate the lot. 
The statistical analysis for plasma vitamin A are shown 
in Table 25 in the Appendix. The lack of response to the in­
crease in plasma vitamin A levels may be attributed partly to 
increases in liver content. The other possibility is that 
plasma vitamin A may not be directly affected by plasma carotene 
level. McGillivray ejt (1957) observed no change in the 
plasma vitamin A level following the intravenous administration 
of carotene emulsion to goats. 
As seen in Table 13, supplemental selenium resulted in 
high tocopherol levels in the oil fed groups. The high total 
tocopherol levels may aid in explaining the decrease in plasma 
carotenoids. McGillivray and Worker (1958) reported higher 
levels of tocopherols in the blood of rats inhibited the con­
version of carotene to vitamin A. On the basis of the results 
obtained with preliminary, simultaneous, and subsequent injec­
(1) (2) (3) (4) 
16.62 21.06 21.98 21.21 
(5) (6) (7) (8) 
20.78 23.36 19.55 21.01 
(9) (10) (11) (12) 
19.21 21.12 18.31 23.03 
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tion of tocopherols, it was concluded that intravenously ad­
ministered carotene underwent a rapid breakdown, possibly in 
the blood, to an intermediate which was then more slowly con­
verted to vitamin A. 
Liveweight gains and feed efficiency did not show a sig­
nificant response from selenium supplementation. 
Selenium and Kidney Bean Experiment 
Tables 16, 17 and 18 contain the plasma carotenoids, 
vitamin E, and vitamin A values, respectively. The initial 
bleeding was done in April 1965, the mid experimental bleeding 
was done in June 1965, and finally blood was obtained at 
slaughter in October 1965. It appeared that with the progress 
of the experiment, kidney bean feeding exerted an effect. 
Plasma vitamin A tended to increase at the end of the experiment 
while plasma carotenoids tended to decrease. Plasma vitamin E 
tended to vary at the end of the experiment in some of the 
triplicates while in others no observable change in vitamin E 
plasma level was observed. 
Kidney beans are known for their low selenium content and 
they were employed in the hope that some response of selenium 
supplementation on plasma vitamin E could be observed. As seen 
in Table 18, the plasma total tocopherols were variable at the 
end of the experiment. Generally plasma tocopherols of the 
selenium supplemented groups tended to be somewhat higher. 
63 
Table 16. Plasma carotenoid levels in heifers in micrograms/ 
100 ml.* 
No supplemental Selenium supple-
selenium (controls) mented 0.1 ppm 
Lot 1 Initial 122.6 Lot 2 Initial 118.7 
Intermediate 121.8 Intermediate 100.6 
Pinal 29.6 Pinal 34.8 
Lot 3 Initial 151.0 Lot 4 Initial 129.2 
Intermediate 160.1 Intermediate 114.0 
Pinal 50.2 Pinal 45.4 
Lot 5 Initial 128.7 Lot 6 Initial 130.0 
Intermediate 109.2 Intermediate 108.8 
Pinal 43.7 Pinal 50.4 
\alues are averages of five individuals per treatment. 
Table 17. Plasma vitamin A levels in heifers in micrograms/ 
100 ml.* 
No supplemental Selenium supple-
selenium (controls) mented 0.1 ppm 
Lot 1 Initial 11.9 Lot 2 Initial 14.8 
Intermediate 11.0 Intermediate 18.7 
Pinal 21.6 Pinal 22.7 
Lot 3 Initial 15.0 Lot 4 Initial 12.1 
Intermediate 18.1 Intermediate 17.2 
Pinal 20.7 Pinal 16.3 
Lot 5 Initial 13.8 Lot 6 Initial 13.0 
Intermediate 19.2 Intermediate 19.8 
Pinal 20.6 Pinal 18.4 
^Values are averages of five individuals per treatment. 
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Table 18. Plasma total tocopherols (vitamin fi) in heifers in 
milligrams/lOO ml.* 
No supplemental Selenium supple-
selenium (controls) mented 0.1 ppm 
Lot 1 Initial 0.25 Lot 2 Initial 0.24 
Intermediate 0.25 Intermediate 0.28 
Final 0.28 Final 0.31 
Lot 3 initial 0.26 Lot 4 Initial 0.28 
Intermediate 0.33 Intermediate 0.30 
Final 0.24 Final 0.30 
Lot 5 Initial 0.28 Lot 6 Initial 0.26 
Intermediate 0.26 Intermediate 0.31 
Final 0.21 Final 0.23 
^Values are averages of five individuals per treatment. 
The drastic decrease in plasma carotenoids is not easy 
to explain. Since the plasma total tocopherols did not vary 
much throughout the experimental period, it may be that with 
the progress of kidney bean experiment the effect was on the 
carotenoid rather than on vitamin E. Since carotenoid and vita­
min E in feedstuffs are closely correlated according to Linkous 
et al. (1954) and McGillivray (1961), it may be that kidney 
bean feeding leads to a type of fermentation that causes a de­
struction in carotenoid or to an increase in its conversion to 
vitamin A. From the comparatively higher plasma vitamin A 
values at the end of the experiment, one would tend to think 
that an increase in carotenoid conversion was taking place thus 
resulting in low plasma carotenoid and higher vitamin A levels. 
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The average daily gains of the heifers throughout the 
experimental period were 2.30 lb. which is a satisfactory gain 
for heifers on a high energy ration. No liveweight gain re­
sponse from selenium supplementation was observed in this ex­
periment. 
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GENERAL DISCUSSION 
Ruminants, through the ages, likely have been adapted to 
the utilization of roughage feedstuffs such as grasses, hays, 
silages, and other pasture plants. Their need for vitamin A 
has been generally met by the provitamins or carotenoids 
present in the plants. The well established role of vitamin A 
in vision has been known for a long time. However, the role 
that vitamin A plays as a nutritional factor aside from visual 
purposes still remains somewhat obscure. 
Vitamin £ is somewhat like vitamin A in that it too, has 
not been assigned a true function in ruminant nutrition. Even 
the reproductive failure that has usually been attributed ti 
vitamin E deficiency in many animals has not been clearly demon­
strated in ruminants. Roughages are generally better sources 
for vitamin E than grains and the need for vitamin B by the 
ruminant animal, if any, would have been supplied by forages in 
feeding practice. 
Today the feedlot useage of high energynno-hay rations 
on both vitamin E and carotinoids has created a need for addi­
tional studies with vitamin E and vitamin A in the nutrition of 
ruminants. As seen in the corn grain versus corn silage experi­
ment, liver stores of vitamin A were on the low critical side 
in the grain fed animals when compared to the silage fed animals. 
Figuring daily intake of corn grain and converting it to vitamin 
A activity, the grain fed cattle were receiving from the corn 
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what would be equivalent to 8,400 I.U, of vitamin A. This plus 
6,000 I.U. of supplemental vitamin A made a total average 
vitamin A intake of 14,400 I.U. Still the liver stores for 
vitamin A for these cattle were low with this fairly sizeable 
vitamin A intake. Perhaps the need for vitamin A in high 
energy no-hay rations is elevated since vitamin £ is low in 
such rations and there may exist an interrelationship between 
both vitamins. 
Chapman e1^ al. (1964) studied the effect of vitamins A 
and E in steer rations. A series of three experiments were 
conducted to determine the values of vitamins A and B when add­
ed to concentrate mixture fed to steers on pasture. Levels of 
25,000 I.U. of vitamin A significantly (p< .01) increased rate 
of liveweight gain of steers during two winter experiments but 
not during summer trial. Vitamin B significantly increased 
weight gains also during one winter trial but not the other. 
The response to the vitamins appeared to be related to the 
level of carotene in the forage. Supplemental vitamin A or B 
increased vitamin A in liver tissue. Chapman e^ a]^. (1964) 
observed less growth response to vitamin A when it was fed in 
combination with vitamin B. This observation by Chapman could 
best be explained by the finding of RoeIs e^ s^. (1964) who 
observed that vitamin A deficiency in rats increased liver con­
centration of alpha tocopherol. This seems to go along with 
the findings in the corn grain and corn silage experiment. Al­
though liver vitamin A content was extremely low in the grain 
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fed steers, the vitamin E content of the liver of the same ani­
mals was not greatly different from those of animals fed the 
other types of rations. Reels e^ al. (1964) further observed 
that the incorporation of amino acids into diaphragm protein 
were significantly higher in the tissues of vitamin A deficient 
rats fed at a low alpha tocopherol intake than those of the con­
trol. When high alpha tocopherol was fed to vitamin A deficient 
rats, the reverse effect on amino acid incorporation was ob­
served, Apparently, both vitamin B and vitamin A were involved 
in cell permeability to amino acid incorporation into cell pro­
tein. Since in our experiment the corn fed steers with the 
highest average intake had the highest average daily gains, it 
is not too much to speculate that both vitamin A and vitamin £ 
were both interrelated in this increased growth rate perhaps by 
an increase of amino acid incorporation into protein on the 
cellular level. The possibility that both vitamins might have 
been partly used up in the amino acid incorporation process is 
not an out of place speculation. This might have ultimately re­
sulted in the lower levels of both vitamins in the serum and 
liver of the fast growing steers as compared to the comparative­
ly high levels of both vitamins in the serum and liver of slower 
growing steers, receiving the lower energy rations. 
Liver and serum vitamin A levels appeared to be affected 
by selenium supplementation but the effects were inconsistent. 
Selenium, however, tended to increase serum vitamin B levels 
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in steers fed the three types of rations as compared to the 
respective serum vitamin E in the non-supplemented steers. 
However, the effect of selenium on liver tocopherol content was 
the reverse of that observed on serum vitamin B. Liver vitamin 
£ content tended to be lower in selenium supplemented steers on 
the three rations as compared to those of their respective non-
supplemented ones. Selenium through a mechanism not yet clearly 
defined seems to play a role in the decrease of vitamin £ 
liver stores of selenium supplemented animals with a relative 
increase in blood serum. Recently Scott (1965) who observed 
similar responses from selenium supplement in chicks serum, 
proposed a carrier function for selenium. He hypothesized that 
selenium aids in the release of tocopherols from cells through 
a carrier mechanism. The findings in this experiment seem to 
go along with Scott*8 observation. However, Scott worked with 
chicks serum only while in this experiment both serum and liver 
values were obtained. Assuming the carrier function of seleni­
um on vitamin E to be true, the decrease in vitamin B content 
in selenium supplemented liver may be due to some removal of 
vitamin B from the liver to the circulation through this carrier 
function. This may be an explanation to the increase in vitamin 
E blood serum and the relative decrease in the vitamin E liver 
stores. 
In the selenium and unsaturated oil experiment, plasma 
carotenoid was observed to be significantly (P<.01) lower in 
the selenium supplemented groups at the end of the experiment. 
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The plasma total tocopherol also tended to be higher in the 
selenium supplemented groups. McGillivray and Worker (1958) 
observed similar results ingrats. They concluded that at 
higher plasma tocopherol levels, intravenously administered 
carotene undergoes a rapid breakdown, possibly in the blood, 
to an intermediate which is then slowly converted to vitamin A. 
No difference was observed on the plasma vitamin A level be­
tween the beginning and end of the experiment. Steers in this 
trial had a comparatively higher daily gain between 2.92 to 
3.04 lb. However, no significant response from selenium on 
liveweight gains was observed in this experiment. 
In the selenium and kidney beans experiment, vitamin £ 
plasma values tended to be variable at the end of the experi­
ment. However, plasma carotenoids were drastically reduced at 
the end of the experiment as seen in Table 18. It was thought 
that either plasma carotenoid destruction or increased conver­
sion was taking place. The high plasma vitamin A levels seem 
to point towards a high rate of conversion of carotenoids into 
vitamin A with the ultimate decrease of plasma carotenoids and 
corresponding higher plasma vitamin A level. This observation, 
however, may be only apparent rather than real. McGillivray e_t 
al. (1957) observed no change in plasma vitamin A levels follow­
ing the intravenous administering of carotene to goats. The 
carotene was converted but no change on plasma vitamin A level 
was observed. An increase in vitamin A liver store was obtained. 
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On the basis of the results obtained in this study, it 
seems that the type of ration fed plays a role on the plasma 
and liver vitamin A and £ levels in finishing cattle. How­
ever, the relationships between the two vitamins in the nutri­
tion of ruminants are not as simple as it might appear. Even 
with silage rations problems have been encountered that indi­
cate poor utilization of carotene. With improvement in analy­
tical techniques for vitamin A and vitamin E determinations of 
feedstuffs, it will be most appropriate to further investigate 
the jja vitro and i^ vivo conversion of carotenes to vitamin A 
in ruminants. A similar investigation on the tocopherol pic­
ture needs to be performed. By so doing, additional invorma-
tion could be obtained in extending the results obtained in 
this study. 
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SUMMARY 
A series of three feeding trials were conducted with beef 
cattle in order to study some of the interrelationships between 
vitamin £ and vitamin A in the nutrition of ruminants. In all 
of the trials, selenium was supplemented in the rations of some 
of the cattle. In one of the trials a corn grain ration was 
compared with a corn silage and a half and half ration. All 
three rations were supplemented with equal amounts of vitamin A. — 
In the corn grain versus corn silage experiment it was ob­
served that serum carotenoid and serum vitamin A were lower in 
the grain fed steers when compared to either the corn silage 
or the half and half fed animals. The effect of selenium sup­
plementation on serum vitamin A and carotenoid were variable. 
Statistical analysis for serum vitamin A values showed a sig­
nificant difference (P< .01) due to the type of ration fed but 
no significant response from selenium supplementation could be 
detected. Liver vitamin A values, on the other hand, had increased 
highly significant values (P< ,01) for both the silage and half 
and half fed cattle as compared to the grain fed ones. 
Serum vitamin E was comparatively higher in the silage and 
half and half fed groups than those of the grain fed steers. 
However, selenium supplemented cattle tended to have a higher 
serum vitamin E level as compared to those in the non-supple-
mented groups. Liver vitamin E values tended to be a little 
lower in the grain fed steers than those of the silage fed 
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steers. Differences, however, were not statistically signifi­
cant. The effect of supplemental selenium on liver vitamin E 
content tended to be the reverse of that observed on the serum 
vitamin E of the same cattle. Liver vitamin E content tended 
to be lower in the selenium supplemented groups when compared 
to the non-supplemented ones. It was hypothesized that seleni­
um might exert an unknown mechanism aid in the release of vita­
min E from the liver and ultimately increase the vitamin E 
blood serum. 
Considering both vitamin E and plasma vitamin A in the 
grain fed versus silage fed steers, the general tendency was 
a somewhat lower vitamin E serum level in the grain fed steers 
but plasma vitamin A levels were significantly lower in the 
grain fed steers. Liver vitamin B and liver vitamin A values 
seemed to follow the same trend as that of serum. Considering 
the average daily liveweight gains, the grain fed steers aver­
aged 2.70 lb. as compared to 2.45 lb. in the silage fed groups. 
It appears that fast growing ruminants utilize relatively higher 
amounts of both vitamins during the growth and finishing process, 
thus resulting in lower levels of both vitamins in the blood 
and liver. It is also possible that the comparatively slow 
rate of gain together with the higher intakes of carotenoids 
and tocopherols in the silage and half and half group have been 
the reasons for the increase in the blood serum and liver values 
for both vitamins as compared to grain fed cattle. 
Prom the data obtained in this experiment, carcass data, 
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feed efficiency, and economical gains~were all in favor of the 
silage fed group. The only disadvantage was the slow gains 
of the silage fed steers. However, no significant response in 
liveweight gains from selenium supplementation was detected in 
this experiment. 
In the second cattle feeding experiment the supplementing 
of 0,2 ppm selenium to steers resulted in a significantly 
(P< ,01) lower plasma carotenoid levels at the end of the ex­
periment. The feeding of unsaturated oil to steers in the same 
experiment resulted in a significantly (P<,01) higher plasma 
vitamin B level while the plasma vitamin A level was not affected 
by the oil treatment. Plasma carotenoids from the oil fed 
groups were also lower at the end of the experiment. Steers 
being fed a high energy diet had high average daily gains rang­
ing between 2,91 to 3,17 per steer during the 209-day experi­
mental period, but no significant response on liveweight gains 
was observed with selenium supplementation. 
In the third cattle feeding experiment, the heifers had a 
low plasma carotenoid level at the end of the experiment when 
compared to the initial plasma carotenoid levels in all tripli­
cates. However, in two cases out of three the plasma carotenoid 
tevels were lower in the selenium supplemented groups. Plasma 
vitamin B tended to vary throughout the progress of the experi­
ment. Three of the six lots involved tended to have a low vita­
min B level at the end of the experiment while the other three 
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did not show any significant change in plasma levels. Plasma 
vitamin A levels were higher at the end of the experiment. No 
response from selenium supplementation on liveweight gain was 
observed during the 174-day experimental period. The average 
daily gains of heifers during this period varied between 2.12 
to 2.27 lb. daily. 
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APPENDIX 
Estimation of Total Tocopherols in Blood Plasma or Serum 
Reagents: 
1. Absolute ethyl alcohol - purify by distilling from 
a flask containing pellets of KOH and crystals of 
potassium permanganate. 
2. Xylene, C.P. 
3. Dipyridyl in n-propyl alcohol, 0.120 gm./lOO ml. 
4. Ferric chloride hexahydrate in absolute ethyl alcohol 
0.120 gm./lOO ml. Store in dark brown glass bottle 
with glass or cork stopper. 
Procedure : 
1. Place 3.0 ml. of serum or plasma in a test tube and 
add 3.0 ml. of absolute ethyl alcohol. Mix immedi­
ately. 
2. Add 3.0 ml. of Xylene, cork to prevent evaporation. 
Mix with violent agitation for 30 seconds. 
3. Centrifuge for 10 minutes at 300 RPM. (The Xylene 
which contains the tocopherol can be removed and 
stored overnight in the refrigerator). 
4. Transfer 2.0 ml. of the Xylene supernatatn layer to 
another test tube. Add 2.0 ml. of the dipyridyl 
reagent. Mix and recork. 
5. Read absorption at 460 mu in spectrophotometer using 
distilled H2O as a reference blank. 
6. To 3.0 ml. of the solution from step 4 add 0.65 ml. 
of the ferric chloride reagent. Rapidly mix for 30 
seconds and measure the absorption at 520 mu at 1^ 
minute» after addition of ferric chloride reagent. 
Use distilled water as a reference blank. Conduct 
step 6 in a darkened room. 
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7. Similar readings are made on blank solutions (dis­
tilled H2O) carried through the above procedures. 
8. Use d, alpha-tocopherol as a standard. From solu-
toons in absolute ethanol ranging in concentration 
from 0,500 to 2.00 mg. per 100 ml. are taken 3.0 ml. 
aliquots and added to an equal volume of distilled 
H2O and treated as described above. 
Calculations : 
mg% Total tocopherol = ^^520 ^*^^460 x mg% of standard 
Ab520 of standard 
The 0.294^0 is a correction for carotene. 
Total Tocopherols Determination of Bovine Liver 
Reagents : 
1. Pyrogallol dolution 5% w/v in ethanol - prepare this 
solution daily for each assay. 
2. Potassium hydroxide solution - dissolve 160 g. of 
potassium hydroxide in 100 ml. of distilled water. 
3. Diethyl ether anhydrous 
4. Ethanol, absolute 
5. Florex xxs (60/100 mesh) 
6. Stannous chloride 
7. Hydrochloric acid 
8. Benzene 
9. Acetone 
10. Ferric chloride solution - ferric chloride hexahy-
drate 0.2% w/v in ethanol. Being extremely liable 
to photochemical reduction, this solution must be 
prepared directly in the amber bottle in vrtiich it is 
to be stored. The bottle should not be exposed even 
to moderate daylight and is best masked by a covering 
of black paper. Store at 5°C. and warm to room 
temperature before use. 
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11. Dipyridyl solution - 0,5% w/v solution of 2:2 -
dipyridyl in ethanol. Store in an opaque bottle 
at 5°C. and warm to room temperature before use. 
12. Sodium sulfate anhydrous. 
Procedure : 
A. Homogenation 
1. Pive-j. liver sample is ground with a pestle and 
mortar with 10 g. anhydrous sodium sulfate. The 
mixture is ground under enough acetone to give a 
fairly fluid paste. 
B. Solvent extraction 
2. Paste is transferred to a Soxhlet thimble and 
extracted for three hours with 50 ml. of acetone. 
3. Extract is transferred into 125 ml. glass-stopper-
ed flask which contains several carborundum grains 
and is evaporated under reduced pressure until 
acetone is almost disappeared. 
C. Saponification and extraction 
4. Add 4 ml. pyrogallol solution and several carbo­
rundum grains. 
5. Heat under a reflux condenser in an all-glass 
apparatus. When the mixture boils, remove the 
condenser and add 1 ml. KŒ. Replace the con­
denser and heat under vigorous reflux for 3 min., 
with occasional shaking. 
6. Remove the flask, cool the contents and add 20 
ml. distilled water. 
7. Transfer the solution to a Squibb-type separatory 
funnel. 
8. Extract the unsaponifiable matter with 25 ml. 
ether three times. Vigorous shaking at any stage 
is unnecessary and should be avoided. If the 
phases fail to separate quickly and sharply add 
1 or 2 ml. ethanol. 
9. Wash the combined ether extracts with 20 ml. 
distilled water until neutral to phenalphthalein. 
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avoiding vigorous shaking at first. Five or six 
washes are usually necessary. 
10. Transfer the ether solution to a 125 ml. glass-
stoppered flask and remove the ether by evaporation 
under reduced pressure. 
11. Dry the residue, if necessary by adding a little 
absolute ethanol and benzene and reevaporating. 
12. Dissolve the dry residue in 5 ml. benzene. 
D. Floridin earth separation 
13. Mix 5 g. of floridin earth and 0.5 g. of stannous 
chloride with 20 ml. of hydrochloric acid and bring 
to a boil. 
14. With rapid stirring, pour the slurry into a chromate 
graphic tube (1.2 to 1.4 cm. internal diameter and 
16 to 20 cm. long) in one continuous operation, so 
that the earth settles with an even gradation. 
15. After the liquid has passed through, wash the column 
successively with five portions, each of 5 ml. 
ethanol and then with five portions, each of 5 ml. 
benzene. 
16. Pass the benzene solution from step 12 through the 
prepared floridin earth column. 
17. Blute the column with seven portions, each of 5 ml. 
benzene, the complete elution taking not less than 
45 minutes. 
E. Colorimetric determination 
18. Evaporate the solution from step 17 to dryness under 
reduced pressure in a vacuum oven. 
19. Dissolve the residue in 5 ml. ethanol. 
20. Add 3 ml. ethanol solution and 0.5 ml. of dipyridyl 
solution into the stoppered test tube. 
21. Transfer to a darkened room and carry out the rest 
of the determination under dim artificial light. 
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22. Add 0.5 ml. of the ferric chloride solution and shake 
well the stoppered tube for a moment. 
23. Transfer the content to a glass cell and exactly 2 
min. after adding the ferric chloride, measure the 
extinction at 520 mu against a similar cell contain­
ing ethanol. 
24. Subtract the reading of blank tube. This gives the 
net extinction reading. 
Calculation: 
G = grams of liver taken 
V = volume of ethanol in milliliters to dissolve the 
residue in step 19. 
D = net extinction 
F = spectrophotometric factor for 4 ml. (calculated from 
standard solution). 
D Y p 3c V 
Tocopherol in micrograms per gram = g g— 
Macromethod for the Determination of Serum or Plasma 
Carotenoid and Vitamin A Using Trifluoroacetic Acid 
Procedure : 
1. Transfer in duplicate 2 ml. of serum or plasma into 
16 X 125 mm test tubes. 
2. Add 2 ml. of 95% ethanol and mix by shaking for one 
minute. 
3. Add 3 ml. of petroleum ether and shake vigorously for 
two minutes to insure complete extraction of caroten­
oid and vitamin £. 
4. Centrifuge the tube slowly at 100 RPM for three 
minutes. 
5. Carefully pipette 2.0 ml. of the petroleum ether upper 
layer and transfer a Beckman cuvette. 
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6. Read against a petroleum ether blank at 450 mu. 
7. Remove the cuvette and evaporate the petroleum 
ether to dryness at 40-45®C. in a vacuum oven. 
8. Reconstitute the residue in 1 ml. chloroform and add 
0.1 of acetic anhydride. 
9. Add 2.0 ml. of trifluoracetic acid (TFA) reagent 
(1:2 of TFA to chloroform 
10. After 30 seconds exactly read at 620 mu against a 
chloroform blank. 
11. Prepare several dilutions of standard Beta-carotene 
in petroleum ether and find F value for B-carotene. 
p = micrograms of carotene/ml 
optical density 
Carotene calculation: 
OD450 * 1020 = micrograms carotene/lOO ml serum plasma. 
12. Prepare vitamin A standard and final P value. 
p = micrograms vitamin A/tube 
optical density 
Vitamin A calculation: 
OD^20 - (OD X 0.300) X 337 = micrograms vitamin A/lOO 
ml. serum or plasma. 
Vitamin A determinations of liver samples 
Procedure : 
I. Saponification 
1. Weigh roughly 1.0+ gm. liver into a 250 ml. glass-
stoppered saponification flask. 
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2. Add 50 ml. ethanol, 5 ml. KOH, at least 6 car­
borundum grains and several glass chips. 
3. Boil under a reflux condenser in an all-glass 
apparatus for 30 minutes. In the case of liver 
samples, boil for 30 minutes following the dis­
solving of the sample. 
Extraction: 
4. Rinse the reflux condenser first with ethanol 
and then with water. 
5. Cool the saponification flask to room temperature, 
6. Add 50 ml. water and mix. 
7. Transfer the solution to a Squibb-type separatory 
funnel. 
8. Rinse the saponification flask with ether and 
add the washings to the separatory funnel. 
9. Extract a total of 4 times with ether using 50 
ml. during the first extraction and 30 ml. the 
following 3 extractions. 
a) Drain the lower aqueous phase into the saponi­
fication flask. 
b) Pour the ether extract into a 250 ml. glass-
stoppered Erlenmeyer flask. 
c) Return the aqueous portion (step 9a) to the 
separatory funnel and re-extract, separating 
the layers as done before and adding the ether 
extract to the 250 ml. Erlenmeyer flask. This 
is repeated 2 more times. 
d) Discard the aqueous phase. 
10. Rinse the separatory funnels with ether and dis­
card the washings. 
11. Return the combined ether extract to the separatory 
funnel. 
12. Add 50 ml. water to the separatory funnel, shake 
VERY LIGHTLY and drain. 
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13. Add another 50 ml. water, shake lightly and 
drain. 
14. Add 80 ml. Calgon solution, shake vigorously 
and drain. 
15. Repeat step 14. 
16. Add 50 ml. water, shake vigorously and drain. 
17. Repeat step 16. (If the aqueous phase is NO 
longer alkaline to phenolphthalein, the wash­
ings are complete. 
18. Tap separatory funnel lightly against funnel 
rack until debris no longer settles to the bot­
tom of the funnel. 
19. Drain any separated debris from the funnel. 
III. Solvent removal 
20. Transfer the ether extract to Erlenmeyer flasks 
containing from 5-10 gm. anhydrous sodium 
sulfate. 
21. Swirl the flasks and let stand for at least 1 
hour. 
22. Decant into a 350 ml. glass-stoppered amber flask. 
23. Add 1 glass bead. 
24. Evaporate to dryness in a vacuum oven at 40-45®C. 
35. Reconstitute the residue in the amber bottle by 
10 ml. chloroform. 
26. Shake well so that all residue is dissolved. 
27. Transfer 2 ml. of the chloroform in step 25 to 
a Beckman cuvette. 
28. Read at 450 mu against chloroform as blank. 
29. Add one drop of acetic anhydride. 
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30. Add 2 ml. of a prepared trifluoroacetic acid 
to the cuvette. 
31. Exactly after 30 seconds read at 620 mu against 
a chloroform blank. 
32. Correct for carotenoids and follow the same 
procedure as described for s em m vitamin A. 
Collection and Preservation of Serum 
Procedure : 
1. Draw blood from the jugular vein by a 14 mm gauge 
California bleeding needle, 
2. Collect blood in a test tube and allow blood to stand 
for 1 to 2 hours at room temperature for clot to form. 
3. Carefully separate the clot from the wall of the tube 
with a steel spatula or an applicator stick. 
4. Store the tube of blood in a refrigerator for 12 to 
24 hours to permit clot contraction. 
5. Centrifuge the tube of blood at 1000 x g for 30 
minutes (2500 RPM with a rotating radius of 14 cm) 
6. Carefully remove the serum with pipette and place in 
a plastic vial. 
7. Preserve and store the serum at -40°C. in a deep 
freeze. 
Collection and Preservation of Plasma 
Procedure : 
-Iv Draw blood from the jugular vein by a 14 mm gauge 
California bleeding needle, 
2. Collect blood in test tubes containing heparin at 
the rate of 0,2 mg/ml. of blood. 
3. Shake well to insure that no clotting takes place. 
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Centrifuge the tube of blood at 2500 RPN for 30 
minutes. (Avoid blood standing for long periods be­
cause hemalysis may take place). 
Carefully remove the plasma but a pipette and place 
in plastic vials. 
Preserve and store the plasma at -40°C. in a deep 
freeze. 
Table 19. Analysis of variance for serum total tocopherols (vitamin E) in the 
corn grain versus corn silage experiment 
Degrees 
of 
Source of variation freedom 
Due to treatment 5 
due to rations 2 
due to selenium 1 
due to interraction 1 
Error 6 
Total 11 
Sum 
of Mean 
squares square F value 
.0488 .0098 2.57 
.0322 .0161 4.24 
.0128 .0128 3.37 
.0038 .0038 
.0894 
.1382 
I 
Table 20. Analysis of variance for l iver total tocopherols (vitamin E) in the 
corn grain versus corn silage experiment 
Source of variation 
Degrees 
of 
f  reedom 
T 
Sum 
of 
squares 
Mean 
square 
F 
value 
Due to treatment 
due to rations 
due to selenium 
due to error 
2 
1 
2 
0.425 
0.315 
0.075 
0.035 
0.0850 
0.1575 
0.0750 
0.0175 
4.857 
9.000 
4.290 
vO 
Ol 
Total 
I 
Table 21. Analysis of variance for serum vitamin A in the corn grain versus corn 
silage experiment 
Source of variation 
Degrees 
of 
f  reedom 
Sum 
of 
squares 
Mean 
square F value 
Due to treatment 5 228.00 45.60 11.04* 
due to rations 2 198. 80 99.40 23.50* 
due to selenium 1 9. 20 9.20 2.23 
due to interraction 2 20. 00 10.00 2.42 
Error 6 24.76 4.13 
Total 11 2 52.76 
^Significant at  the 1% level (P .01).  
Table 22. Analysis of variance for l iver vitamin A in the corn grain versus 
corn silage experiment 
Degrees Sum 
of of Mean 
Source of variation freedom square square F value 
Due to treatment 5 13 ,559 2,712 301.33** 
due to rations 2 14,486 6,743 749.22** 
due to selenium 1 005 005 0.56 
due to interaction 2 06 8 034 0.38 
Error 6 051 009 
Total 11 13 ,610 
**Highly significant at  the 1% level 
Table 23. Analysis of variance for plasma total tocopherols (vitamin E) in the 
selenium and unsaturated oil  additions experiment 
Source of variation 
Degrees 
of 
f  reedom 
Sum 
of 
square 
Mean 
square F value 
Due to treatment 5 0.048 .0096 4.84 
due to rations 2 0.045 .0225 112.53** 
due to selenium 1 0.000 .0000 0.00 
due to interaction 2 0.003 .0015 0.75 
Error 6 0.012 .0020 
Total 11 0.06 0 
**Highly significant at  the 1% level.  
Table 24. Analysis of variance for plasma carotenoid levels in the selenium and 
unsaturated oil  additions experiment 
Source of variation 
Degrees 
of 
f  reedom 
Sum 
of 
square 
Mean 
square F value 
Due to treatment 
due to ration 
due to selenium 
due to interaction 
Error 
2 
1 
2 
1071.8 
249.8 
728.2 
93.8 
442.0 
214.3 
124.9 
728.2 
46.9 
73.7 
2.91 
1.69 
9.88* 
0.64 
Total 11 1513.8 
^Significant at  the 1% level.  
Table 25. Analysis of variance for plasma vitamin A in the selenium and the 
unsaturated oil  additions experiment 
Degrees Sum 
of of Mean 
Source of variation freedom square square F value 
Due to treatment 5 
due to ration 2 
due to selenium 1 
due to interaction 2 
Error 6 
93.08 18.62 0.40 
19.78 9.89 0.21 
7.99 7.99 0.17 
65.31 32.66 0.71 
276.38 
Total 11 369.96 46.15 
